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INTRODUCTION. 


6oBE  years  ago,  Ihe  ten  thouiand  sleam-ensities, 
which  Uien  were  reckoned  lo  be  in  Great  Britaiik 
were  eilihiated  lo  perform  daily  the  labour  of 
bore  (ban  ino  hundred  thouaand  horaea — equal  to 
the  povRT  dF  twelve  hundred  thouaand  men  el- 
pending  their  enei^y  to  the  gtealeit  mechanical 
advantage.  Bnt,  as  macliinei  requiye  neither  rest. 
Dor  relaialioD,  and  can  operate  without  impairlog 
their  power  during  those  porliona  of  time  usually 
assigned  fot  a.  cestation  of  animal  labour,  these 
tea  thousand  engines  could  develop  from  sun  rise  to 
■unriseBpower  superior  (o  that  of  foui  and  a  half 
aiillicni  of  labourers  J  an  effect  eteateT  than  the 
entire  manual  labour  of  Englaod:  yet,  noiwith- 
•tanding  the  importance  of  the  power  tbej  de- 
Teloped  to  the  national  maaufectures,  and  the  dia. 
play  ormechanicalingenaity  exhibited  in  (hecoo- 
Amctioa  of  the  nutchiaes  Ihenuelvea.  tbay  vera 
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unknown  but  by  name  to  the  great  bulk  even  of 
that  portion  of  the  community  engaged  in  manu- 
facturing processes.  Two  works  only,  devoted  to 
a  popular  account  of  the  principles  of  mechanical 
philosophy,  contained  a  few  brief  notices  of  their 
general  principles,  and  attempted  to  give  an  ex« 
planation  of  two  of  the  methods  by  which  they 
were  applied.  A  third  work  gave  a  tolerable  ac- 
count of  another  of  the  numerous  modifications 
of  the  apparatus,  and  an  expensive  Cyclopedia  had 
arranged  some  observations  on  a  few  of  its  more 
recent  changes ;  but,  until  the  appearance  of  these 
anecdotes,  no  attempt  to  give  a  detailed  history  of 
the  progress  of  improvements  on  steam-engines 
generally,  and  of  their  inventors  and  improvers^ 
had  been  made  in  this  or  any  other  language. 

This  extraordinary  indiflference  appears  to  have 
arisen  from  the  operation  of  the  remains  of  some 
ancient  prejudices,  biassing  public  feeling  with 
regard  to  the  cast  of  mind  necessary  for  the  pro- 
duction of  mechanical  inventions.  Even  that  phi- 
losopher whose  discoveries  have  been  described 
as  links  connecting  the  mind  of  man  with  the 
spirit  of  God,  is  called  by  Dean  Swift,  "  that  felbw 
Newton  over  the  way,  a  glass  grinder^  and  a 
maker  of  spectacles.*'  The  sublime  conceptions  of 
the  author  of  the  "  Principia"  were  considered  by 
the  copper-fartbing  Dean  to  be  but  common  appli- 
cations of  vulgar  mechanic  skill*. 

*  THo  *'  proud  Venetiaiis**  i%ere  less  fastidious  tbaa  Dean 
Sivift.  "  The  two  Itarians,"*  says  Howel,  in  a  letter  to  Sir 
Robert  Mansel,  **  who  are  the  bearers  hereoff  by  report  here; 
are  the  best  gentlemen  toorhmen  that  ever  blew  crystal.  On«r 
U  allied  to  Antooio  Miotti,  the  other  is  coosin  to  Maralao.  I- 
was,  since  I  came  hither  (Venice),  in  Murano,  a  little  island, 
where  crystal  glass  b  made,  and  'tis  a  rare  sight  to  see  ai 
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Bat,  on  reflection  it  will  be  founds  that  mecha- 
nical invention  differs  nothing  from  that  which 
gived  value  to  those  pursuits,  considered  (o  be 
more  mental  and  refined.    Homer  and  his  Iliad, 

-whole  street,  -where  on  the  one  side  there  are  twenty  farnaeet 
at  work.  They  say  here,  that  althoQ^fh  one  should  transplant 
a  glass-famaoe  from  Mnrano  to  Veoice  herself,  or  to  any  of 
the  little  assembly  of  islands  about  her,  or  to  any  other  part  of 
the  earth  besides,  and  nse  the  same  materials,  the  same 
Workmen,  the  same  fuel,  the  self-same  ingredients  every  way* 
yet  they  cannot  make  crystal  glass  in  that  perfection  for 
beaaty  and  lustre  as  in  Marano.  Some  impute  it  to  the  qua- 
lity of  the  circumambient  air  that  hangs  over  the  place,  whieh 
is  purified  and  attenuated  by  the  eoncairence  of  so  many  fires 
that  are  in  those  furnaces  night  and  day  perpetually,  for  they 
are  like  the  vestal  fire  which  never  goes  out.  The  art  of 
glass-making  is  here  very  highly  valuea ;  for  whosoever  be  of 
that  profession  are  gentlemen  ipse  faetOy  and  it  is  not  -without 
reason,  it  being  a  rare  kind  of  knowledge  and  chemistry  to 
transmote  dust  and  sand,  to  such  a  diaphanous  dainty  body, 
as  yon  see  a  crystal  glass  is.  They  have  a  saying  here,  thafc 
the  first  handsome  woman,  that  ever  was  made,  was  made  of 
Venice  ^lass,  whieh  implies  beaaty,  but  brittleness  withal, 
and  Venice  is  not  unfurnished  with  some  of  that  mould,  for 
BO  place  abonnds  more  with  lasses-and  glasses.** 

A  mechanic,  cotemporarv  with  the  Dean  exclaims,  **  But 
alas  I  with  shame  be  it  sjwken,  what  treatment  have  men  of 
the  best  genius  met  with  in  England  but  contempt  and  scorn ; 
every  ignorant  blockhead,  without  ever  considering  the  profit 
or  value  of  an  invention,  thro-ws  up  his  nose,  and  cries  he  is  for  - 
no  projects.  Solomon  sent  the  sluggard  to  the  ant  to  learn  - 
-wisdom,  it  is  a  great  scandal  as  well  as  a  pity  that  Christiana 
should  be  sent  to  the  Turks  to  learn  goodnature  and  gene- 
rosity, as  well  as  moraUty  and  common  honesty.  At  Grand 
Cairo  in  Egypt,  they  have  such  a  profound  respect  to  new 
inventkms;  that  whoever  is  the  discoverer  of  any  new  art  or 
invention  is  immediately  clad  in  cloth  of  ^old,  and  carried 
in  triumph  tliroughoat  the  whole  city,  with  trumpets  and 
other  musical  instruments  playing  before  him,  and  presented 
to  every  shop  to  receive  the  joyful  acclamations  and  j^nerona 
presents  of  his  fellow  citizens.  Leo,  the  geographer,  witnessed  , 
one  of  these  displays  or  solemnities  as  he  calls  them — the  per- 
formance lauded  was  only  ajlea  chained  to  a  sheet  of  white 
paper." 

c 


Virgil  atid  his  ^neid,  Milton  and  his  Paradise 
Lostj  were  minds  and  productions  of  the  same  ex- 
quisite fibre  and  tension  with  Savery  and  Watt 
T^ith  their  engines^  Huyghens  with  his  watch, 
Arkwright  with  his  spinning  frame,  Meikle  with 
his  threshing  machine,  and  Bramah  with  his 
hydraulic  press.  In  fact  all  observation  shows^ 
that  the  power  of  combining  machines  and  con- 
structing poems,  in  the  "  heroic  or  any  other  line,'* 
are  usually  united  in  the  same  individual !  that 
all  poets  are  mechanical  inventors,  and  all  mecha- 
nical inventors  are  poets.  Hooke  made  verses  aa 
i^ell  as  machines;  and  when  he  presented  thirty- 
seven  different  projects  for  flying,  had  his  attention 
been  directed  to  express  his  thoughts  in  metre,  he 
had  previously  shown  a  facility  for  describing  the 
glories  of  his  mistress's  eye-brows  in  as  many 
sonnets.  I^ord  Worcester  also  made  verses ;  and 
his  '^  Century  of  Inventions"  has  been  commented 
upon  by  more  than  one  person,  as  if  it  were  a 
poem,  although  not  written  in  rhyme.  Sir  Samuel 
Morland  indited  love-songs,  and  sang  them  to  hi^ 
theorbo.  When  total  blindness  had  fallen  on  the 
jovial  old  man,  he  buried  the  manuscript  of  the 
effusions  of  his  younger  muse,  considering  them 
to  be  "  gay  deceits," — and  betook  himself,  in  his 
ninetieth  year,  to  the  composition  of  psalms. 
Arkwright  was  famed  among  his  customers  for  a 
light  hand  and  an  exquisite  edge,  and  for  verses 
which  cut  as  keen  as  his  razors.  Watt,  in  his 
youth,  was  a  rhymester,  and  few  men  of  his  gene- 
ration  read  more  fairy  tales  and  poetry— even  in 
the  meridian  of  his  life,  and  in  the  busiest  period 
of  his  employment,  the  greater  portion  of  his  time 
was  devoted  to  indulgence  in  tnis  mental  luxury. 
Few  who  knew  the  excellent  Rennie  near  the  close 
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of  his  lifQ^  would  have  dreamt  of  finding  und^ 
his  inflexible  man  of  business  exterior^  an  enthusi- 
astic admirer  of  poetry  and  music ;  or^  that  in  his 
youth  he  chaunted  his  own  lyrics^  which  were 
distinguished  for  their  spirit  and  taste.  His  con- 
temporary, the  venerable  Telford,  when  building 
rough  stone  fence  walls  as  a  journeyman  mason^ 
was  an  esteemed  contributor  to  the  poetical  corner 
of  the  Scots'  Magazine — and  his  productions  were 
embued  with  much  of  the  pastoral* sweetness  and 
pathos  of  tbose  of  the  Bard  of  Ayr.  Sir  William 
Congreve  let  off  many  poetical  squibs  before  he 
exploded  his  rockets.  Sir  Christopher  Wren  is 
complimented  by  a  bishop  on  his  poetical  acquire- 
ments :  "  You  have,"  says  the  Right  Reverend 
Father  in  God,  "  admirably  well  hit  his  genius: 
your  verse  is  harmonious,  your  philosophy  very 
instructing  for  life,  your  liberty  in  translating 
enough  to  make  it  seem  to  be  an  English  original, 
and  yet  not  so  much  but  that  the  mind  of  the 
author  is  still  religiously  preserved."  Could  more 
\)G  said  of  the  paraphrases  of  Dryden  or  Pope  2 
One  of  the  ablest  disciples  of  Sir  Humphry  Dav^ 
hazarded  the  opinion,  that  some  of  the  ex-presi- 
dent's  speculations  '*  graduated  into  the  poetry  of 
science.  The  devotee  was  ignorant  of  his  idol's 
early  propensities,  and  he  knew  not  that  Sir  Hum« 
phry  wooed  the  Muses  before  he  experimented  on 
{he  gases, and  produced,  '*■  in  the  heroic  pieasure,'*^ 
his  address  to  St.  MichaePs  Mount,  long  before  he 
invented  his  safety-lamp.  Dr.  Cartwright  early 
distinguished  himself  for  his  poetical  composi- 
tions! but  the  fine  taste,  and  exalted  feeling, 
which  pervade  them,  must  yield  to  the  Exquisite 
invention  and  extensive  usefulness  of  his  power- 
loom. 

(j3 
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If  it  were  easy  to  show  that  all  cekbraled  me- 
i^hanical  inventors  were  gifted  with  the  faculty 
of  poets,  it  were  as  easy  to  prove  that  all  poets  of 
name  have  been  gifted  with  mechanical  propenr 
sities ;  many  of  their  most  admired  passages  are 
accounts  of  machines.  *'  Milton's  hell-gates  move 
pn  more  than  mortal  hinges^  and  his  war^chariots 
may  yet  form  a  subject  for  illustration  in  a  me- 
chanical college.  The  horse  of  Epeus  has  lately 
been  adduced  as  an  early  locomotive !  and  Homer's 
description  of  cars  shows  that  he  had  an  eye  for 
beauty  in  carts  which  could  have  carried  them 
to  perfection  *.*'  In  Persia  itself,  where  the  very 
frame  and  structure  of  society  is  anti-mechanical, 

•  •  •*  The  whole  tribe  of  dramatic  geniases  are  in  possession  of 
telescopes  for  distingaishing  spirits,  and  trumpets  by  which  a 
per:;on  may  disclose  to  another  at  a  distance,  nis  intention  to 
pnt  his  companion  to  death,  in  Stentorian  soands,  and  yet  be 
tmknown  to  the  object  of  his  vengeance,  in  whose  ear  it  may 
he  thundered.  A  harper  is  said  to  have  wheedled  stones  to 
forget  their  parity,  and  playing  them  into  the  proper  *  fij^ure,* 
he  oeased  his  masic,  and  the  dancers  long  remained  in  the 

5ood  set  order  of  ashlar  work,  forming  the  walls  of  Thebes, 
'be  Greek  was  a  cleyer  fellow,  bat  not  more  so  than  a  Father 
Toarnemine,  who  lived  in  Paris  at  the  beginning  of  the 
eighteenth  century.  This  worthy  ecclesiastic  attempted  the 
construction  of  a  machine,  by  which  persons  should  enjoy  the 
pleasure  of  good  eating  and  drinking  without  being  at  the 
expense  or  trouble  of  procuring  or  preparing  food.  By  turning 
a  winch,  a  man  or  woman  could  allay  the  cravings  of  hunger 
as  well  as  by  a  meal  of  the  most  substantial  viands.  The 
Father  anticipated  being  able  to  adapt  his  inrention  to  please 
all  customers,  from  they  who  dined  on  rump  steaks,  plum* 
pudding,  and  ale,  to  made-dish  gourmands  of  erery  degree. 
Liike  those  physicians  who  administer  bread  pills  to  fanciful 
patients,  the  worthy  Father  made  his  machme,  in  similar 
eases,  produce  some  tunes ;  but  this  music  had  no  effect  what- 
ever in  persuading  the  gastric  juice  to  spare  the  coats  of  those 
stomachs  whose  master  or  mistress  did  not  ply  the  craivH* 
handle."— 70iM^*«  Euay  on  ImagintUumt  p.  36, 
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we  have  a  remaikable  instance  of  the  union  of 
poetic  and  mechanic  power  :  Futteh  Alee  Khant 
the  Shah  ul  Shaer^  or  Malec  ul  Shaer,  poet  lau* 
reate  of  the  king^donij  is  descended  from  an  ancient 
feimily  for  many  successive  generations  governors 
of  Casban.  He  possesses  great  wit^  a  brilliant 
Imagination,  a  fine  taste  and  a  correct  judgment l 
bis  poems  are  ranked,  by  his  countrymen,  as  next 
in  merit  to  the  admired  strains  of  their  charming 
Ferdousi.  ^^or  is  the  fertility  of  his  genius  less: 
for  already,  exclusive  of  minor  pieces,  he  has 
spun  one  hundred  and  fifty  thousand  couplets. 
This  wholesale  stanza  manufacturer  has  found 
time  to  construct  several  complicated  pieces  of 
machinery  of  hi*  ovm  invention;  among  these  are 
spinning-jennies,  paper-mills,  and  steam-engines, 
and  when  the  gifted  Persian  was  recently  visited 
by  an  English  traveller,  he  was  found  busily 
engaged  in  the  construction  of  a  printing-press. 
The  ingenuity  of  Scarron  received  its  direction 
from  the  gallantry  of  the  age  in  which  he  lived* 
Then  the  fair  sex  was  the  dominant  half  of  the 
body  politic  as  well  as  of  the  body  domestic^ 
and  Scarron  was  pre-eminently  a  ladies*-man,  in 
a  community  which  bowed  the  knee  to  beauty. 
Nature,  however,  in  one  of  her  caprices,  had 
denied  him  the  power  of  using  his  limbs;  most 
distressing  of  all  was  the  physical  inability  of 
bis  hands  to  approach  '^  his  dome  of  thoughts 
the  palace  of  his  soul."  But  the  amiable  little, 
monster  invented  a  machine  for  taking  off  his  hat. 
And  like  De  Kenzy  in  our  own  time,  who  with  only 
one  arm,  aided  by  a  fine  mechanical  invention,  per- 
forms with  such  ease  all  the  courtesies  of  a  gen- 
tleman, that  it  is  doubtful  if  the  man-of-fashion  air 
pould  be  heightened  were  some  angel  to  restore  the 
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limb  which  lays  on  the  field  of  a  victorious  battle. 
So  Scarron  even  drew  applause  for  his  courtier- 
like  salute — ^and  that  personal  defect  which  would 
Lave'  ruined  the  reputation  of  a  less  mechanical 
genius^  added  an  indescribable  charm  to  the 
graces  of  his  chivalric  attentions.  Drummond  of 
Hawthornden — the  classic^  romantic,  and  tender 
Drummond — excelled  in  mechanics,  and  employed 
himself  in  restoring  ancient,  and  discovering  ori- 
ginal contrivances  of  naval,  military,  and  civil 
'Utility.  Pope  was  mechanical  in  every  thing; 
and  Kirke  White  and  Bloomfield  were  no  mean 
practitioners — and  if  Campbell  and  Scott,  and 
Moore  and  Southey,  have  not  run  the  gauntlet  of 
the  patent- office;  and  if  Brunei,  and  Cecil,  and 
Trevithic  have  not  bestridden  Pegasus — to  use  an 
algebraic  phrase,  the  equation  may  be  resolved, 
merely  by  changing  their  signs  and  transposing 
them. 

Poets  as  well  as  mechanics  differ  in  the  manner 
in  which  they  exhibit  their  conceptions.  One 
excels  in  loftiness  of  thought,  another  in  delicacy 
of  perception  ;  a  third  pleases  by  his  harmonious 
numbers,  and  a  fourth  is  esteemed  for  the  useful 
tendency  of  his  writings.  Some  mechanics  delight 
in  clockwork,  others  in  steam-engines- — the  ma- 
chines of  others  are  polished  even  to  a  bolt-head — 
and  a  ponderous  mass,  whose  jerking  motion  is 
the  nuisance  of  a  district^  constructed  by  one 
whose  ear  is  more  refined  than  his  rival  manufac- 
turers, moves  with  all  the  softness  of  a  watch ;  and 
another  applies  the  principles  of  a  toy  to  a  ma- 
c"hine  for  abridging  labour.  There  are  rhyme- 
sters who  will  spin  a  fine  thought  through  an  in- 
finity of  words;  there  are  also  artist  wire-drawers, 
who  by  great  skill  will  draw  an  ounce  or  two  of 
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g:old  into  a  thread  which  will  encircle  the  world. 
Your  sounding,  flashy,  sparkling  authors  of  a 
thousand  brilliant  nothings,  are  a  sort  of  kalei- 
doscope artists,  whose  most  bizarre,  original,  re- 
gular, and  harmonious  combinations  are  produced 
bj  a  thread  of  rag,  a  pin's  head,  a  leaf,  a  bead,  or 
a  bit  of  crystal. 

A  few  poets  have  been  persons  of  condition,  but 
a  skill  in  combination  (they,  call  it  the  inspiration 
of  the  muse)  has  been  **'  the  claim  sufficient "  for 
the  greater  number,  though  low  born,  and  of  a  mean 
habit  of  life  cissuming  a  station  of  social  as  well  aa 
inoral  dignity,  and  researches  into  their  history 
have,  therefore,  not  been  considered  unbecoming, 
or  derogatory,  either  to  the  man  of  learning,  or  to 
the  historian.  Can  that  curiosity  which  is  laud- 
able with  regard  to  this  class  of  artists  be  less 
praiseworthy  when  it  seeks  gratification  in  a  know- 
ledge of  the  personal  incidents  of  a  similar  classy 
whose  labours  confer,  not  only  more  durable  fame 
on  communities  than  the  boasted  songs  of  the 
bards,  but  more  permanent  power  than  the  enact*, 
ments  of  the  legislator,  or  the  exploits  of  the 
warrior. 

The  promulgator  of  a  law,  or  the  leader  of  an 
army,  are  not,  however,  remembered  merely  as 
individuals  who  prescribed  a  duty,  or  defined  a 
right,  or  acquired,  or  rescued  a  principality; — 
they  are  held  up  to  admiration  for  the  effecta 
which  flowed  from  their  wisdom  or  prowess, — as 
a  father  of  his  country,  the  conservator  of  its 
honour,  or  the  assertor  of  its  power.  Yet  it  has 
never  happened  that  the  memory  of  inventors  is 
associated  with  a  sense  of  the  benefits  which  com- 
munities have  derived  from  their  inventions.  They 
are  recollected  merely  as  persons  who  constructed 
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this  or  that  ingenious  machine— one  of  vhich 
forms  as  it  were  a  kind  of  back  ground  to  the 
mental  effigy ;  and  here  ends  the  recollection  both 
of  the  talent  of  the  discoverer,  and  the  value  of  his 
performance. 

There  does  not  appear,  however,  to  be  any  good 
teason  why  results  should  be  excluded  from  our 
estimate  of  one  man's  genius,  and  yet  that  we 
should  make  these  form  the  great  merit  of  an- 
other's labours.  To  take  an  example — The  popu- 
lation of  the  world  is  stated  at  about  906  millions 
of  souls,'  and  a  man  of  experience  has  calculated 
that  400  thousand  persons  in  the  cotton,  woollen, 
and  iron  trades  produce  as  much  yarn,  cloth,  and 
metal  ware  as  200  millions  of  men  could  do  with 
the  implements  used  about  seventy  years  ago.  If 
we  further  consider  that  of  every  four  persons  in 
existence,  three  are  women,  children,  aged  per- 
sons, and  idlers,  the  machines  in  action  in  Great 
Britain  spin  more  yarn,  fabricate  more  cloth,  and 
mould  and  polish  more  metal  ware,  than  could  be 
spun,  fabricated,  and  moulded,  by  all  the  labourers 
at  this  moment  in  existence  if  they  used  hand  im- 
plements. Compare  then  the  invention  of  those 
engines  with  the  acquisition  of  kingdoms,  what 
Alexander,  or  Caesar,  or  Tamerlane  ever  founded 
so  great  an  empire  as  this,  which  was  created  in 
one  generation  by  two  ignorant  weavers  (both  of 
whom  died  in  miserable  poverty^  a  fustian  manu- 
facturer, a  mathematical  instrument  maker,  a  phy- 
sician, a  country  clergyman,  and  a  blacksmith  ;  all 
persons  so  humble  in  station  and  modest  in  their 
pretensions,  that  an  author  who  was  lately  thrown 
upon  a  notice  of  some  incidents  in  the  life  of  one 
of  the  best  known,  though  not  the  greatest  of  the 
seven,  thought  it  due  to  the  fastidiousness  of  publiQ 
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taste  to  claim  indulgence  for  diverging  into  so  ob- 
scure and  tasteless  a  path  of  biographical  research 
— Even  he,  in  a  laboured  apology,  never  dreamt  of 
attributing  the  overflow  of  national  wealth  which 
all  ascribe  to  the  extension  of  our  manufactures 
to  the  humble  artists  whose  genius  produced  the 
machines  which  alone  gave  us  the  superiority  over 
all  other  nations.  This  deference  to  refinement 
might,  therefore,  perhaps  have  been  better  omitted ; 
our  regret  is,  that  of  those  who  widely  extended 
the  dominion  of  mind  over  matter,  little  should  be 
known  beyond  the  fact,  that  while  their  country  was 
reaping  unknown  benefits  from  their  inventions, 
it  left  their  authors  to  pine  in  obscurity  and  want ; 
one  of  the  two,  who  fortunately  were  partial  ex- 
ceptions, when  he  appealed  for  protection  against 
piracy  to  that  law,  which  apparently  secured  to 
him  the  fruits  of  his  ingenuity,  found  it  to  have 
been  enacted  on  the  principle  of  an  ^'  order  of  the 
day,"  issued  by  a  Bajazet  to  discourage  and  repress 
individual  exertion.  "  If  the  enterprise  succeeds,*' 
said  the  caliph,  *'  let  the  booty  be  equally  divided 
among  my  whole  army — if  its  success  be  doubtful, 
and  the  leader  survives,  let  him  lose  his  head." 
.  They  who  dissent  from  what  they  are  pleased 
to  designate  as  the  overweening  conceit  of  in- 
ventors have  remarked,  that  even  their  most 
boasted  productions  when  narrowly  examined  do 
not  appear  to  exhibit  any  great  ingenuity ;  but 
on  the  contrary,  many  of  them  are  such  simple 
and  obvious  things  as  to  preclude  the  notion  of 
invention  altogether.  These  critics,  however,  con- 
found ingenuity  with  complexity,  and  are  persons 
who  would  think  Swift's  puddle  to  be  amazingly 
deep  because  they  could  not  distinguish  the 
bottom  of  it.    Tbe  sinipUcity  which  they  despise 
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is,  of  itself,  a  proof  of  the  most  exquisite  art,  and 
it  is  a  carious  circumstance  in  the  history  of  in» 
Tentions>  that  the  most  complicated  forms  are 
those  which  have  first  presented  themselves  to  the 
eye  of  the  artist.  The  very  machine  which  prints 
this  page  affords  a  beautiful  illustration  of  the  fact 
By  Applegarth  and  Cowper's  improvement  on 
Konig*s  press,  forty  wheels  were  discarded  from 
the  mechanism — now  he  is  a  bold  man  who 
would  say,  that  getting  rid  of  these  forty  wheels 
was  not  as  great  a  proof  of  contrivance  as  the 
"flrst  placing  them  there;  and  in  the  sister  art  of 
poetry  he  who  expresses  a  noble  thought  in  ten  or 
a  dozen  words,  is  certainly  as  great  a  genius  as  he 
who  may  have  the  knack  of  diffusing  it  through  a 
thousand. 

Many  volumes  have  been  written  on  the  gradual 
refinements  of  language,  and  learned  men  have 
pointed  out  the  immense  stride  in  improvement 
which  has  arisen  from  an  unimportant  innovation, 
yet  millions  had  spoken  the  imperfect  language 
without  dreaming  of  the  simple  means  by  which 
the  finishing  touches  could  be  given  to  it.  The 
effects  also  which  have  flowed  from  apparently  the 
fnost  simple  contrivances  are  almost  incredible; 
and  should  those  who  are  fitmiliar  with  their 
most  perfect  forms  be  but  casual  observers,  they 
may  be  startled  at  the  exaggerated  terms  in  which 
their  value  may  be  estimated — or  disgusted  with 
the  claims  of  some  mechanic  who,  by  merely 
fidding  a  wheel  or  pulley,  or  giving  a  trifling  dif- 
ference to  their  proportions,  may,  by  these  means, 
have  been  the  first  to  make  the  machine  efiicient. 
The  simple  process  of  drawing  a  cork  will  furnish 
the  necessary  illustrations. 

The  inventor  of  bottles  is  unknown;  but  (besq 
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were    in    n»  fci  ceutarieB   before  coik*  were 
thought  of,  and  iheie  again  vera  employed  for 


technieall;  called  "beheading'  the  hollle."  More 
expert  pracLitioners  had  many  oppo  nun  [lies  of 
■tiowicg  their  skill  in  removing  tlie  impediroent 
by  a  deitecoua  twiat  of  the  fingeraj   oc  if  that 


veie  impraeticable,  leeth  were  called  in  aa  theii 
Dataial  aniiliaries  :  here,  however,  in  maojr  caiei 
it  «ai  doubtful,  vhelber  the  coilt  would  follow  tbe 
teetfa,  o[  Ihe  leeth  Temaia  in  the  eork  i  and  if  an 
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obstinate  remnant  would  remain^  a  naii  was  A 
ready  means  of  dislodging^  the  stabborn  pfti^, 
particle  by  particle^ — when  at  any  time^  through 


an  impatience  of  the  nibbling  labour,  or  a  despair 
of  accomplishing  a  clean  extraction  at  all,  it  was  re- 
solved at  once  to  send  the  obstacle  the  wrong  way ; 
this  was  then,  indeed,  an  invaluable  instrument. 
A  pair  of  skewers^  or  forks,  inserted  '*  witchwise,*' 


would  sometimes  accomplish  those  difficult  cases 
which  had  baffled  the  exertions  of  all  the  na- 
turals. Twisting  the  lower  extremity  of  the  "  bare 
bodkin'*  into  a  spiral  form,  and  adding  a  handle 
to  it^  was  the  thought  of  a  master  genius;  and  in 


this  stiape  maDkiad,  for  ages,  weie  contented  td 
avail  theraielves  of  its  services — and  even  at 
the  present  hour>  some  barbaroosy  nncouth  coun- 
tries and  districts  may  be  named  where  it  is  still 
the  extractor  in  most  g;eneial  use.  In  our  civilized 
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iand^  it  must  be  yet  in  the  recollection  of  mafly« 
that  this  was,  in  numerous  casel^^  a  very  inefficient 
inachine;  and  the  pleasure  of  beholding  the  gene-^ 
rous  beverage^  beaming  through  a  crust  of  many 
years^  was  cruelly  damped  by  the  eiperlence,  that 
in  proportion  to  the  pains  taken  in  fixing  the  cork» 
was  the  mental  agony  which  must  be  endured 
during  all  attempts  to  remove  it.  Jovial  fellows, 
who  forget  those  days>  in  their  moments  of  inspi- 
lation,  may  talk  indeed  of  their  Phillises,  their 
lanthes,  their  Delias,  their  Saccharisias,  their 
Chloes,  and  their  what  nots« — ^let  them  henceforth 
min|le  a  little  gratitude  with  their  admiration,  and 
fflonfy  a  nymph  greater  than  them  all.  Miss 
CVRourke,  like  her  own  exquisite  potteen  punch, 
was  a  delightful  compound  from  ingredients,  both 
mental  and  corporeal,  of  the  most  opposite  nature. 
The  friend  of  Kosciusko,  and  the  authoress  of 
the  Rhapsody^  which  afterwards  rung  so  often 
throughout  the  country  to  the  favourite  tune 
(Gramachree)  of  the  patriot  Pole>— such  another 

(UMilets  wa»  not  \n  England  widej,  and  no  other  of 

d     ■    ■    '  • 
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Imt  ofikf  ev«r  eonferred  fo  great  a  benefit  as  bottler 
•ncken  a»  shedid^  by  her  superlative  ittreotion  o£ 
placifig  a  buifm  at  the  end  of  the  screw-woria^ 


Hencefoith  the  decantering  process  was  a  mere 
matter  of  routine.  When,  in  her  green  old  age^ 
Death  laid  his  hand  on  the  inventress — a  pira- 
tical screwmaker  also  took  to  himself  the  credit 
and  profit  of  the  button  addendum.  Yet  Miss 
O'Rourke  shall  never  be  forgotten,  even  although 
ber  master-piece^  isome  few  years  later,  was  eclipsed! 


cmd  tMj  Ibe  jti  irapenieded  hy  the  Khf9  ^erm^ 
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wMefa  can  receive  v6  edditiisii  mihtk  t»  ito  beaa^ 
t>r  ccMiveBieiice^  except  k  be  probebly  lome  litde 
eteam  appendage  to  make  it  lelf-actiiig.  Theea 
are  trifling*  additions  to  a  Biniple  inatmBM&t*,  jtit 

*  A  shoemaVer's  awl  is  a  very  simple  iiutramdnt,  nmc^ 
simpler  than  a  corkscrew,  but  even  an  awl  has  had  its  stacea 
t»r  improTemeAt.  **  The  firstawls  were  plain  emiical  pmneneg, 
ihat  jnade  a  rooad  hole  in  the  kftther.  It  waa^  howerar, 
jfoon  disooverad  that  this  form  was  erroneous,  for  the  hole 
thus  made  was  never  more  than  half  filled  with  the  two 
waxed  threads  crossing  eaeh  other.  Indeed,  the  section  of 
the  two  threads  might  be  regaided  as  two  eirelos  which 
touched  one  another,  and  were  enclosed  in  a  third  circle  which 
touched  both  the  others  at  the  opposite  extremities  of  their 
diameters.  Kow  geometry  teaches  us  that  those  two  small 
circles  are  only  half  the  suifaee  of  the  lariger  eneloaiaf  ciick. 

**  The  conical  awl  was  then  Jlattmted^  and  had  an  oval 
form  as  to  its  section  given  it — and,  some  time  afterwards,  the 
awl  was  filed  so  as  to  give  it  four  faceSt  the  section  beine  a 
lozenge  with  cuttioff  edges~>bat  stiU  the  awl  waa  straight; 
Althongh  this  straif^tneas  ta  useful  in  vaay  caaait  ytt  H  W9$ 
improper  in  the  business  of  shoemaking. 

**  Suppose  it  were  wished  to  sew  together  quite  close  to  the 
edge  two  pieces  of  leather  placed  one  upon  tiie  oUier,  and  Aat 
It  straight  awl  is  used ;  the  hole  tiiat  it  will  make  will  eon* 
atantly  push  out  the  leather  towards  the  edce,  and  giTe  it  a 
convex  form,  and  when  tiie  samnjr  is  done  the  edge  will  c» 
hibit  a  row  of  festoons,  which  it  wOl  be  necessary  to  rub  dowa 
by  means  of  a  knife  in  order  to  give  a  regular  edge  to  the 
pieces;  but  which,  by  this  means,  will  lose  much  of  ita 
etrength.  Now,  if  on  the  contrary  a  crooked  awl  is  used, 
and  pushed  in  properly,  it  may  be  broudit  very  near  the  edgv, 
by  making  it  describe  the  arc  of  a  circle,  whose  convexity  ia 
oj^posite  to  the  edge«-by  tliis  simple  means  the  festooned 
appearance  of  the  edge  produced  by  the  straight  awl  will  not 
be  formed,  and  of  course  the  stm^th  of  the  leather  will  be 
preserved  undiminished,  and  the  sewing  itself  will  be  strong. 
Unfortunately  the  name  of  the  person  who  conceired  the 
happy  idea  of  bending  the  awl  is  iMt.* 

*'  However  little  we  reflect  upon  tha  mttner  in  whieh  tha 
hole  ought  to  be  made  in  the  two  pieoea  of  leather,  which 
hre  placed  one  upon  the  other,  we  shall  be  convinced  that  the 
awl  should  come  oaiof  tha  lower  piece*  at  the  tame  dUtaaoi 

d2 
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tbey  ^^roducted  a  great'  revohttioii  in  iU  nnt  iui4 
"viilae.  Equally  simple  improvements  have  pro- 
duced still  more  wondecfnl  effects  in  machines  of 
tnor^  elaborate  :constrnction-r-and  above  all  other 
mechanisms  which  can  be  named,  on  the  steam- 
engine. 

!  In  detailing  these,  the  fastidious  feeling  which 
looks  only  upon  the  more  perfect  form  of  any  pro- 
duction has  found  no  place ;  simple  matters,  it  is 
hoped,  have  not  been  estimated  as  being  unim- 
portant because  they  are. simple,  if  at  the  time  of 
their  introduction  they  either  produced  or  gave 
rise  to  an  improvement  in  the  meefaanism.  In 
other  cases,  where  the  claims  urged  by  the  in- 
ventors themselves  have  somewhat  overstepped 
the  limits  of  a  fair  valuation,  their  high  pretensions 
have  been  softened  with  a  strong  leaning  towards 
the  most  ample  estimate ;  for  a  bystander's  dif* 
ference  of  opinion  may  as  often  arise  from  his 

from  the  edge,  that  the  workman  pat  it  into  the  upper  piece-* 
this  can  only  be  done  bf  tiiat  sleight  of  hand  which  long  prao« 
tioe  gives,  and  when  this  sleight  is  once  acquired  the  work- 
man can  do  it  with  ease,  without  paying  any  particular  atten- 
tion* so  long  as  he  uses  the  same  tool — but  a  shoemaker  is 
always  sorry  when  he  breaks  his  awl,  because  he  knows  very 
well  that  he  shall  be  obliged  to  serve  an  apprenticeship  of 
several  days  before  he  can  acquire  the  necessary  sleight  of 
hand  with  the  new  tool — if  the  new  awl  is  more  bait  than  the 
old  one  it  will  come  out  nearer  the  edge  than  it  entered ;  be- 
eanae  its  point  will  describe  an  arc  of  a  less  circle— on  the 
othw  hand  if  the  new  awl  is  less  bent  than  the  old  awl,  the 
point  will  come  out  at  a  greater  distance  from  the  edge,  and 
the  work  will  have  a  still  worse  appearance;  hence  the  work- 
man is  obliged  to  make  a  series  of  trials  until  be  can  attain 
the  necessary  sleight  of  hand  fat  this  purpose.  It  would  be 
very  adyantageoos  if  all  awls  had  exactly  the  same  degree  of 
bend— but,  unhappily,  every  maker  gives  his  awl  a  peculiar 
bend,  to  the  great  trouble  of  shoemakers  and  other  artists  who 
j^fls.  in  ]eftther."«-Jir«vAast«t*  Jvun^ali  p.  363. 
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paiCiat  view  of  the  bteringfeof  the  quettioe,  w 
the  wish:  of  the  pcojector  to  enleiKe  ot  exacgerftte* 

It  has  not  been  so  easy  a  task  to  iaws&Ue  the 
knprovenieDts  of  each  artist>s6  as  t^  prevent  their 
merging  into  the  moie  imposing  labours  of  names 
of  greater  mechanical  reputation^  and  at  the  same 
time  preserve  their  proper  proportion  in  the  history 
of  the  progiess  of  the  machine.  In  noticing  these^ 
although  brevity  was  attempted,  want  of  skill 
may  occasionally  have  made  their  description  too 
diffuse)  but  of  the  two  extremesi  this,  perhapsy 
will  be  considered  to  be  the  mote  pardonable. 

In  the  plan  of  this  book,  it  has  not  been  thoo|^ht 
desirable  to  exhibit  those  machines  only  which 
have  been  introduced  with  effect  into  prac- 
tice* This  limitation,  which  would  have  greatly 
abridged  the  labour  of  composition,  would  at  the 
same  time  have  led  to  a  most  erroneous^  notion  of 
the  extent  of  the  ingenuity  which  has  been  exerted 
in  bringing  steam-engines  to  their  present  state  of 
perfection.  Many  engines  are  described  which 
have  failed  upon  trial,  and  these  fiiilnres  have  not 
been  considered  as  good  reasons  for  their  being 
allowed  to  fall  into  oblivion,  because  practice  itself 
is  progressive,  and  those  mechanical  dilScuUief 
which  hindered  their  effective  construction  may  be 
removed  in  advancing  towards  greater  perfection* 
Other  machines  will  be  found  ^tailed,  of  which 
it  is  doubtful  if  their  authors  ever  made  them  the 
subjeets  of  an  experimental  trial ;  besides,  some 
projects,  which  in  the  present  state  of  the  me* 
chanic  arts,  it  is  probable,  would  not  repay  the 
expense  of  an  experiment :  the  schemes  which 
have  failed,  as  well  9s  those  which  are  doubtful, 
have  been  considered  as  seeds  drifting  on  a  com* 
moo  field,  which  some  random  «(ep.  fixing  into 
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flie  9o{\,  they  may  be  qaickoBed  into  lift^  and 
spriBgiD^  forth,  lieeoiBe  eitimabte  for  their  beauty 
or  Qsefafaieis. 

It  has  be^  easier  to  find  satisfactory  reasone 
for  the  plan  followed  in  this  little  work,  than  for 
some  ouier  circumstances  more  immediately  con- 
nected with  the  compiler.  It  may  have  been 
ranity  which,  at  the  commencement  of  his  specu- 
lation, flattered  him,  that  what  no  one  had  before 
attempted  would  be  received,  if  not  with  favour, 
at.  least  with  indulgence,  by  those  who  like  him- 
self were  busied  in  the  febrication  of  steam- 
eng:ines  or  in  directing  their  application ;  besides, 
from  accidental  circumstances,  the  compiler  was 
able  to  bring  together,  from  his  own  knowledge, 
many  incidents  which  others,  not  so  favourably 
situated  as  he  was,  were,  perhaps,  unacquainted 
with,  and  would  be  gratified  by  knowing.  Any 
apology  for  imperfect  execution,  the  compiler 
is  aware,  can  meet  but  with  few  claims  to  con- 
sideration :  for,  although  in  a  literary  view,  it  was 
foreign  to  the  routine  of  his  usual  employment, 
^he  task  was  one  he  imposed  on  himself.  During 
its  whole  progress,  however,  he  has  been  suffering 
from  ill  health,  and  the  avocations  of  his  pro- 
fession having  the  first  claim  on  that  time  he  was 
able  to  devote  to  anything — ^will,  at  any  rate,  ac- 
count for  the  protracted  appearance  of  the  con- 
cluding portion  of  his  volumes.  From  the  same 
causes,  absence  from  the  sources  to  which  alone 
he  could  refer  for  his  authorities,  will,  it  is  hoped, 
be  some  extenuation  for  his  errors  of  omission ; 
although,  from  their  number,  he  fears  he  cannot 
altogether  hope  for  pardon.  It  was  wished  to 
have  supplied  these  in  an  Appendix  -,  but  the 
bookseller  fearing  that  a  longer  delay  in  the  pub^ 
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licalion  of  the  book  would  b«  detrimental  to  hij 
inletest,  thig  appiehenaion  hat  induced  the  com. 
pilei  to  tiust  to  B.  favoorable  reception,  patting  it 
lu  his  povet  to  add  what  bas  b««a  oveilooked, 
ai  forgotten,  in  a  fulure  impiewion. 


CHAPTER  FIRST. 


**NErrBEB  ArrxoTiNa  to  conceal  the  sualleb  bills 

BT  WHICH  THE  BTBBAU  WAS  f  ED,  yOB  TO  SBINO  THEM  SO 
MUCH  INTO  VIEW,  AS  TO  DEPBIVX  TSE  FBIMCIPAL  OBJECT 
or  ITS  C0ir8EQUXVCE.*'-*SC0(^. 


A  Hachihb,  TMelvin^  it  diwtnt  timea'attd 
from  man;  baads  new  combinations  and  impre*e- 
ments,  and  becoming  at  laat  of  sinal  beneflt  tit 
mankind,  may  be  compand  to  a  iiviilet'iire1)ed 
in  its  course  hy  tribatarf  Btraami,  until  |  it  roUa 
aloD^  a  majeatic  river,  eariohing  in  iti  pn^reu 
proviDcei  aod  kingdomi. 

In  lelracing'  ibe  cnnent  too  fron'vhere  El 
minilei  irith  the  ocean,  the  preteniioni  of  ereii 
ample  aubsidiary  aticams  aie  merged  in  oat 
admiration  of  tbe  maiter  flood,  glorjing,  aa  it 
were,  tn  its  expanaion.  But  aa  we  continue  to 
aacend,  thoae  wateca  vhich,  nearer  the  aea,  wonkl 
have  been  diiregarded  ai  unimpoitant,  begin  to 
hval  in  magnitude,  and  divide  our  attention  with 
the  parent  ilreBm ;  until  at  length,  on  our  ap- 
pioaching  the  fountaiua  ot  the  river,  it  appean 
trickling  from  tbe  rock, or oozingfrom among  tha 
flowaia  of  the  valley.  So  alio,  in  developing  tha 
liie  of  a  machine,  a  cobim  initniinenl  oi  a.toT  >aaj 
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be  Teeognised  as  the  genn  of  that  production  of 
mechanical  genius,  ivhose  power  and  usefulness 
have  stimulated  our  curiosity  to  mark  its  changes, 
and  to  trace  its  origin.  And  the  same  feeling  of 
reverential  gratitude,  which  attached  holiness  to 
the  spots  whence  mightyrivers  sprung,  also  clothed 
with  divinity,  and  raised  altars  in  honour  of,  the  in- 
ventors of  the  saw;  the  plough,  the  potter's  wheel, 
and  the  loom.    ■  ^i 

To  those  who  are  familiar  with  modem  ma* 
chinery,  the  construction  of  these  implements  may 
appear  to  have  conferred  but  slight  claim  to  the  re- 
verence in  which  their  authors  were  held  in^ ancient 
times.  Yet,  artless  as  they  seem,  their  use  first 
raised  man  above  the  beasts  of  the  field,  and, 
by  incalculably  diminishing  the  sum  of  human 
labour,  added  equally  to  the  power  and  enjoyment 
of  the  barbarous  tribes  of  those  ages  to  which 
their  discbvery  is  referred.  In  their  rudest  form 
they  are  nearly  all  the  mechanical  aids  that  were 
nec^essary  for  the  wants  of  nations,  of  shepherds, 
and  of  husbandmen. 

For  refinements,  however,  in  the  formation  of 
even  these  simple  contrivances,  or  for  the  invention 
and  us^  of  morfe  complex  mechanism,  we  must  look 
to  communities  that  have  made  considerable  ad* 
vances  in  ^e  career  of  civilisation ;  to  those 
regions  where  men,  congregating  in  large  masses, 
create  -numerous  ^  artificial  wants,  ^  and,  by  this 
peculiarity  in  their  social  position^  excite  the  na- 
tural rivalry  of  individuals  to  devise  expedients  to 
remove  them. 

i  Accordingly  it  ii  found,  that  the  dense  popula- 
tion of  some  eastern  countries  had  there  produced 
a  state  of  society  eminently  calculated  to  call 
forth  .the  resources  of  inventive  power.  From  a 
remote  period^  the  great  wealth  of  the  Egyptians 
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partiealarly  had  penemted  a  taite  for  hncmrfoiis 
magnificence^  which  that  people  early  diiplayed 
in.  the  erection  of  colossal  and  sumptnons  build' 
logs.  The  remains  of  their  vast  pyramids,  temp- 
pies,  and  palaces,  evince  a  skilful  practice  of  nn- 
merons  devices  to  abridge  and  facilitate  kbour^ 
and  to  give  a  permaneaee,  almost  eternal^  to  their 
gorgeous  structures. 

It  is  probable  that  at  an  era  coeval  with  the 
rainng  of  these  superb  febries,  some  of  the  pro- 
perties of  elastic  vapour  were  known  to  and  a  j>plled 
by  the  priesthood  in  aid  of  the  ceremonial  of 
their  religion*  The  statue  of  Memnon  is  re- 
corded to  have  emitted  sounds,*  which  were 
ascribed  to  the  interposition  of  superhuman 
agency ;  and  this  widely  promulgated  notion  di- 
recting the  steps  of  devotees  to  the  shrine,  added 
greatly  to  the  sacred  fieune  of  the  temple,  of  which^ 
in  other  respects,  this  image  formed  a  splendid 
ornament.  When  the  secrets  of  the  waning  fiaith 
were  revealed  by  the  votaries  of  a  rival  belief,  the 
celestial  harmony  was  then  said  to  be  produced 
by  vapour,  rising  fr<Hn  water,  concealed  in  a  cavity 
of  the  statue,  being  made  to  pass  through  a  tube, 
liaving  a  small  orifice  fashioned  in  a  manner  simi- 
lar to  that  of  the  pipe  of  an  organ.  As  long  as 
the  fluid  was  heated  by  the  rays  of  the  sun, 
mysterious  sounds  were  heard  by  the  assembled 
worshippers,  which  died  gradually  away  as  the 
solar  influence  was  withdrawn  from  the  gigantic 
idoLt 

*Ma]iy  anllioni  have  mntionad  tlMse  soimAs.  8tnibo 
•ffinu  tliat  be  heard  them :  Patuaniw  «omparat  then  to  thoe* 
produced  hj  the  snappinf  of  the  strings  of  a  harp.  PhUo- 
stratQS  eays,  that  when  the  snn  shone  strongly  on  the  statue, 
sovnds  proeeeded  from  its  momthiiiailAT  to  those  of  a  stringed 
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A  precbcidns  germ>  withouta  tendeoey  io'pe&^n^' 
ftion^  is  characteristic  of  eastern  art.     Natioos, 

Hero,  and  found  in'his  '*  Fneumatica.**  The  subject  has  exercised 
the  ingenuity  of  many  writers.  Among  the  modems,  Solomon 
Deeaos  gives  a  good  diagram  of  a  combination  for  this  pur- 
pose :  he  places  the  figure  on  a  well-closed  base,  or  pedestal, 
exposed  to  the  sun,  and  containing  water.  An  organ  pipe  pro- 
ceeds from  the  interior  of  the  pedestal  to  the  mouth  of  the  sta- 
tue, p.  ^.  RaitOfU  des  Forces  Mouvante$i  Paris,  16S9.  Kircher 
dispuiys  his  nsnsl  ingenuity  in  discussing  this  topic.  His  first 
scheme  would  produce  sounds  according  with  the  description 
of  Fhilostratus.  The  water  is  placed  in  the  lower  diyision  of 
the  cavity  of  the  pedestal,  in  a  situation  to  be  acted  on  by  the 
•nnbeams.  A  pipe  forms  a  communication  with  the  upper 
division,  which  contains  a  wheel  with  vanes,  and  which  is  also 
furnished  with  tappets :  a  series  of  harp  wires  are  likewise 
placed  in  the  upper  ipart,  which  are  so  arranged,  that  when 
the  vapour  issues  from  the  lower  into  the  upper  division  of  the 
pedestal,  through  the  pipe,  it  strikes  on  the  vanes ;  this  gives 
ittotion  to  the  wneel,  and  the  tappets,  as  they  re^'olye,  are  suc- 
cessively broiight  into  contact  with  the  wires.  (Sdipus  JEgyp- 
tiacuMy  cap.  MechaMca  JEgyptorum. 

His  second  scheme  is  an  extension  of  Decaus's.  The  sun- 
beams are  concentrated  by  a  series  of  mirrors  upon  that  part 
in  which  the  water  is  concealed.  He  thinks  hve  reflectors 
would  do  the  business ;  but  100,  or  1,000  placed  in  this  man- 
ner,—**  certum  est  calorem  tam  intensum  fore  ut  omnia 
adurere  possit  et  in  cineros  redigere."  p.  886.  An  Ma^»a 
ImcU  et  tlnlMra't  Romas,  1646. 

The  statue  of  Serains  moved  its  eyes  and  lips  at  the  rising 
of  the  sun ;  and  the  bird  of  Memnon  fla]^ped  his  wings,  and 
was  accommodated  with  a  voiee,  it  is  said,  by  means  of  air 
rarefied  by  the  sun's  heat.  pp.  327, 3S8.    fEdip.  JEgwft. 

Cribellus,  adopting  nearly  the  same  arrangement  as  Kircher, 
wonderfully  extends  his  idea ;  he  displays  a  formidable  array 
of  wheels,  pinions,  cranks,  and  other  things  to  give  motion  to 
a  bellows  for  aupplying  wind  to  an  organ  almost  large  enough 
for  the  cathedral  of  bt.  .Peter :  the  tones  of  numerous  harp- 
strings  are  added  to  make  up  a  harmony.  He  concentrates  the 
.aimbeams  by  **  parabolas,  hyperbolas,  'ellipses,*'  and  other 
figures,  by  which,  he  says,  Conos  oven  melted  raetalsl;  and  he 
doubts  Qot  but  that  the  aromatics,  (or  resins,)  which  he  places 
along  with  the  water  within  the  pedestal,  would  be  easily  in- 
flamed. The  rays  **  derigerent  ad  vasum  et  aCrem  rarefaoerent, 
et  aromata  inoenderant,  et  aj[ua$  ccwierent  subsilire,  cum  autem 
ex  dictis  miniina  tis  soAciat. .  Non  est  ^vod  bine  detremcn* 
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afanost  at  the  instant  oC  the' foondaiioB  of  their 
commanities,  are  seen  in  possession  of  discoveries^ 
and  expert  at  their  application,  which  are  usually 
considered  to  be  the  portion  of  the  most  polished 
societies  only,  and  the  fruit  of  a  long  career  in 
refinement.  Unlike  the  European  races,  incessant 
in  their  attempts  to  enlaige  the  circle  of  their 
knowledge  and  improvement,  the  Orientals  pass- 
ively remained  the  willing  slaves  of  first  impres- 
sionsy  seldom  exerting  a  power  to  give  those  in- 
ventions they  had  so  admirably  drawn  into  being, 
that  perfection  and  extension  of  which  they  were 
so  obviously  susceptible. 

But  when,  aided  by  the  indolent  effeminacy 
into  which  the  successors  of  Sesostris  had  fallen^ 
the  enterprise  of  the  Macedonians  was  crowned 
by  the  establishment  of  their  rule  over  Egypt,  the 
restless  energy  of  these  warriors  being  attem- 
pered by  the  monotonous  refinement  of  its  an- 
cient inhabitants,  a  new  and  beneficial  impulse  was 
imparted  to  both.  During  the  splendid  dominion 
of  her  Grecian  kings,  the  arts  and  sciences  of 
Egypt  reached  a  high  degree  of  excellence ;  and 
under  one  of  the  Ptolemies,  sumamed  Philadel- 
phus,  and  his  successors  Euergetes  I.  and  II.,  the 
court  of  Alexandria  was  resorted  to  as  a  school  of 
philosophy  by  the  learned  and  ingenious  of  many 
countries.  Mechanics,  and  the  kindred  sciences, 
were  there  held  in  great  esteem ;  and  eminence  in 

tnm  aliqnod  timeomus.**  He  doubts  the  poesibility  of  Kircber's 
getting  as  much  yaponr  as  he  expectea,  and  thinks  his^  appa- 
ratus would  give  but  weak  Memnonic  groans ;  but  in  his  own 
**  at  Talcaniam  et  aeoliam  obtineremus  elBcasiorem  enjus  yi 
Boeter  Memnon  non  tenues  philomeln  instar  gracilescat  in 
modus,  sed  tonare,  effnlminare  cum  peride  possit  et  mundi 
parem  ditionis  amplitudinem,  ne  dum  ezigoam  Graeciam 
oraado  yaleat  permueere.*'  p.  8.  Mq4^inosa  Miraeula  Met^ 
9fmitt  Romv,  1666 
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their  acquivement  being  opened  as  a  path  to  per* 
soiial  honour,  the  boundaries  of  knowledge  were 
extended,  through,  the  exertions  of  its  professors 
to  deserve  the  countenance  of  their  illustrious 
patrons. 

Among  the  men  of  genius  who  enjoyed  the  pa^ 
tronage  of  these  munificent  princes,  one  of  the 
most  distinguished  was  Hero  the  elder,  the  son 
of  a  Greek  who  had  settled  at  Alexandria.  At  an 
early  age,  the  strong  bent,  of  his  mind  towards 
mechanical  pursuits  attracted  the  notice  of  the 
celebrated  Ctesibius ;  and  the  after  friendship  of 
that  philosopher  was  the  reward  of  his  appU* 
cation  and  merit.  Under  his  guidance,  Hero 
aspired  to  celebrity  as  a  follower  of  Democritus  in 
philosophy ;  and  some  beautiful  discoveries  in 
mechanics  recompensed  the  study  of  a  long  life, 
assiduously  devoted  to  their  cultivation. 

The  experience  of  a  later  time,  it  is  true,  hat 
been  triumphantly  urged  as  ranking  Hero's  among 
other  ancient  inventions,  which  may  serve  as 
curiosities  to  amuse  our  leisure,  rather  than  ob- 
jects inviting  study  by  a  display  of  useful  inge» 
nuity.  A  candid  estimate  of  a  mechanical  effort 
may  not,  however,  be  made,  by  marking  its  abso* 
lute  height  above  every  production  of  a  similar 
kind,  but  by  measuring  its  elevation  aboye  those 
only  placed  in  its  peculiar  region.  An  eminence^ 
eonspicuous  among  the  gentle  undulations  of  a 
champaign  country,  would  be  altogether  unob- 
served at  the  base  of  a  range  of  mountains.  Yet, 
nevertheless,  tried  by  the  high  standard  of  even 
modern  attainment,  several  of  the  machines  de- 
scribed by  Hero*  may  be  comjpared  with  the  most 

*  Gli  srtiftdose  «t  mriod  moti  Spiritalia  de  Herone,  tradotd 
de  M.  Oio.  Bapt  Aleotti.  Bologna,  1M7,  reprinted  Ferrara, 
1589.  Tlie  figures  ar«  beautif a],  and  were  oppied  horn  the  Ortek 
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Qfleful,  or  the  most  isgenions^  of  those  which  have 
been  appealed  to  as  proud  monuments^  placing- 
our  owD  age  at  an  immense  distance  beyond  every 
otlier  in  mechanical  invention.  The  fountain  for 
raising  water  by  the  compression  of  air  renutios 
as  he  left  it.  The  mode  of  forming  a  vacuum^ 
by  sucking  the  air  from  a  vessel^  and  producing 
a  blast  by  a  fall  of  water^  are  to  be  found  in  the 
**Spiritaliaj"  and  the  construction  of  the  fire- 
engine  "was  first  learnt  fron)  his  descriptions. 

And  if  the  numerous  devices  in  his'*  Pneumatica" 
do  not  all  possess  the  same  originality  and  prac- 
tical meiit^this  inequality, objected  teas  a  blemish, 
will  be  found  to  have  arisen  from  a  circumstance 
which  adds  a  grace  even  to  his  genius — from  his 
enlightened  mind  appreciating  with  a  generous 
liberality  the  value  of  the  labours  of  others. 
Hero,  in  his  introduction,  professes  to  have  made 
himself  acquainted  with  the  works  of  his  prede- 

MS.  All  tbe  subsequent  translators,  except  Bapt.  Porta, 
(and  his  diagrams  are  in  a  very  vulgar  taste,)  have  copied 
Aleotti's  illustrations.     The  Bologna  edition  is  very  rare. 

Heronis  Alexandrini  Spiritalium  liber  a  Federioo  Comman- 
dino  ex  Graeco  in  Latinum  conversus,  1575.  Printed  after 
Commandine's  death,  with  the  addition  of  Aleotti's  four  theo^ 
rems  ou  automata,  rmdered  into  Latin:  this  edition  was 
reprinted  in  an  elegant  style,  at  Apisterdam,  1680.  Spi- 
ritali  de  Herone  Alessandnno  ridotti  in  lingua  volgare  da 
Alessandro  Giorgi.  Urbino,  1592.  De  Herone  Alessandrino 
de  gli  autonutti  overo  machine  moventi libri  due:  tradottodal 
Ora»co  Bernardino  Baldi.  Venetie,  1601.  I  Tri  Libri  de* 
8]^ritali  de  Giovan  Batista  della  Porta,  Napolitano,  cive 
d'malzar  acmia  per  forza  deU  aria.  Najpoli,  1606.  In  the 
collection,  "  Veteres  Mathematici,*'  Pans,  1693, 'folio,  the 
Greek  text  of  the  Spiritalia  is  given  with  a  new  translation 
into  tbe  Latin,  accompanied  with  Aleotti's  theorems  on  au' 
tomata.    This  is  a  good  edition,  and  common. 

Schmidt's  Vitam  Meronis,  Helmstadt,  1714,  contains  some 
biographical  notices  from  Baldi  and  others,  and  a  classifica- 
ttou  and  a  summary  of  his  inventions :  see  also  Frobisii'ft 
RndimeQta  Biograpbin  Matbematicis.  Leipsig,  1757> 
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ceMors  and  contemporaries^  to  have  greatly  ad- 
mired their  simple  ingenuity^  and  to  have  been 
UQWilliDg  that  such  fine  inventions  should  be. 
overlooked  or  perish  ;  he  described  them^  there* 
fore^  that  they  might  be  better  miderstood ;  and, 
by  placing  them  among  his  own  contrivances,  he 
not  only  ensured  their  being  more  widely  known, 
but  that  the  knowledge  of  them  would  descend  to 
posterity  *  Having  done  this,  his  aim  appears  to  have 
been  accomplished;  for,  apparently,  considering^ 
them  but  as  brilliant  first  thoughts  only,  they  were 
flung  together,  and  left  in  a  kind  of  aiBnent  neglect, 
to  be  arranged  or  applied  by  those  who  had  more 
leisure  and  less  exuberance  of  original  conception. 
In  thirteen  problems.  Hero  operates  by  the  ac- 
tion of  heat  on  air  or  water.  In  two,  the  doors  of  a 
temple  are  opened  and  shut  by  means  of  the  rare^ 
faction  of  atr,  produced  by  its  coming  into  contact 
with  the  heated  hearth  of  an  altar;  in  another, 
water  orwine  is  raised  by  the  same  means,  and  made 
to  flow  on  the  sacrifice,  to  assist  in  its  combustion  | 
this  is  combined  with  the  hissing  of  a  dragon  in 
a  fourth ;  and  a  rotary  motion  is  imparted  to  a 
small  stage,  on  which  automata  are  placed  in 
a  ^fth.  In  some  of  tliese^  however,  from  the  con- 
struction of  the  apparatus,  steam  of  low  tempera- 
ture would  be  produced,  and  assist  in  the  action* 
But  throughout,  it  is  not  quite  obvious  that  Hero 
had  a  notion  of  the  distinction  between  the  heated 
air  and  the  vapour;  or  rather,  he  considered 
that  the  vapour  owed  its  power  to  the  heated  air 
with  which  it  was  combined  or  mixed.  He  de- 
scribes three  modes  in  which  steam  is  used  di^ 
rectly  as  a  mechanical  power :  to  raise  water  by 
its  elasticity ;  to  elevate  a  weight  by  its  expansive 
power ;  and  to  produce  a  rotary  motion  by  its  red- 
action on  the  atmosphere. 
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Oniiifi  lid  of  »  box  i$g»  A*)  ^  cistern,  €h  coa* 
talnitig  walefy  Hero  placet  a  i^Iobe,  c,  alio  paitly 
fillecl  with  the  same  fluid ;  a  pipe^  e,  riiea  from  tha 
cistem  into  the  globe^  Another  pipe»  i,  proceeds 
fjrom  the  globe,  terminating  over  a  vase,  «i>  cimI 
the  vase  itself  communicates  vith  the  cistern  b/ 
n  pipe,  ft. 

When  the  sunbeams  fall  on  the  globe,  they  heat 
the  water,  and  raise  rapour ;  this,  by  its  expansion* 
forces  the  water  through  the  syphon,  i,  which, 
trickling  into  the  vase,  m>  is  again  conducted  by 
the  pipe,  n,  placed  within  it,  into  the  cistern. 
"When  the  sunbeams  are  withdrawn,  and  tlw  sur- 
face of  the  globe  cooled  by  the  ambient  air,  .the 
vapour  within  is  condensed,  and  by  this  means 
a  vacuum  is  left  in  its  upper  part ;  the  pressure  of 
the  atmosphere  now  forces  the  water  in  the  cis- 
tern up  the  pipe,  e,  to  replenish  it,  and  the  same 
operation  of  forcing  water  commences  when  the 
sun's  rays,  falling  on  the  surface  of  the  globe  again, 
heat  its  contients. 

Here,  almost  under  any  circumstances,  the  ef- 
fect could  have  been  but  trifling;  but  in  the 
second,  (fig.  B,f )  where  the  heat  from  a  lamp,  or 

*  *^47'  (itUBpidta  appetUatartStiHat  sole  in  ipsam  ingruenie. 
Sit  bams  pneclasa  oer  qaam  infundibalnm  impellatar,  cvjua 
csoUskfampadiuiimdistM:  sttittphttriilaexqiiAtttlrosiii 
bftsim  fefftfttt,  n  fuado  VMia,  «t  Ik  pftfMle  spha»r«lai  panin 
distant.  Inflexui  antem-tiphon  sphisralaB  aptataa  ftrator  in 
iilAuadibalam,  etin  ipharalaia  aqua  iitjiciatar.  Qaando  if  itur 
lolS  ia  •^•ralsm  ingraiC*  cal«faotot  aCr  •ziitens  ia  ipsa  hn* 
midnm  espdiit.  Quod  q«id«ia  fertar  par  nphoB«m  et  per  ia« 
foBdibiilom  in  batim  piooedit  Md  oam  ti^torala  obombfata 
faerit  ezMdeate  a^rt,  t«btut  quii  diioitur|>er8pbamlam  bumi- 
daA  amuaeU  atlooou  eKiBanitom  rtplebiC*  Atqne  boo  totiat 
•rit,  qaotiea  Ml  in  ipsam  iagtvet."  p.  63.  Sermis  SfWiUh 
Umm  LUm  «  Cowmaudino*  Amat.  1680. 
-  f  **4S.  JEt  iphtetm  trepwHaiU  hocmodo.  Lebes  iquam  ba- 
bCBS  oooparto  ore  meeeaditan  Ab  opercnlo  aotem  procedit 
tvbB8,«scsj«sdiiaidia9pbmr|k00)BcavasiBinlptifo»tw»  Si 
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from  a  Ute,  is  lubttiti^ted  in  the  place  of  that  pro- 
ceeding fpom-the  sun^  the  power  would  not  only  be 
more  available,  bat  leas  hypothetical. 

A  caldron  or  vaae,  a,  has  a  pipe^  c,  inserted 
into  its  lid,  formed  at  its  upper  end  like  a  small 
cup,  t,  and  containing'  a  ball  or  hollow  sphere;  o. 
A  fire  being  made  under  the  boiler,  the  steam* 
rising  from  the  water  which  it  contains,  flows 
through  the  pipe,  and  lifts  up  the  ball  placed  in 
the  iMwin,  and  keeps  it  suspended  in  the  air  as 
long  as  the  vapour  rises  with  the  proper  velocity 
from  the  caldron. 

A  motion  round  an  axis  is  elegantly  given, 
(flg.  C,*)  to  a  small  globe,  by  means  of  the  re- 
action of  steam  upon  the  air.  Two  pipes,  a,  c, 
each  having  their  upper  extremity  bent  towards 
each  other,  rise  from  the  cover  of  a  vase,  o ;  one 
of  these,  c,  acts  merely  as  a  pivot,  the  other,  a, 
conducts  steam,  raised  in  the  boiler,  into  the  ball 
or  globe,  t.  This  is  suspended  between  them 
by  having  the  steam-pipe,  a,  inserted  into  it,  and 
is  kept  in  its  position  by  the  pivot  formed  at  the 
end  of  the  opposite  pipe,  c.  Two  pipes,  m,  n, 
also  bent  at  right  angles  at  their  extremities,  are 
inserted  into  the  circumference  of  the  globe,  and 

igitar  leyem  sphnnilam  in  dimidiam  sphssram  injiciamiM, 
oontinget  raporem,  qai  ex  lebete  per  tubam  attolitar,  Bph»ra<> 
lam  elevare  adeo  at  tripadiare  videatur.'*    p.  6S.    Ibid, 

*  **50.  Lebete  tuccetuo  sphterulam  ad  cnodwemmoveri.  Sit 
lebes  succensns,  qui  aqaam  habeat  obstrnatarque  oseiUara 
coopercalot  et  ana  eum  eo  stmiil  perforetur  tamis  inflexua 
oajus  estremitas  ooncaviun  sphAralam  aptetnr*  Extremitate' 
antem  ex  diametro  opponatur  cnodax  oooperctilo  nixus:  et 
sphnra  duous  tabulos  inflexos  babeat  secnndam  diametrom 
Mmnl  cum  ipsa  perforatas,  qui  vicissim  infleetantur :  sint  que 
inflexiones  ad  rectos  uagulos  continj^t  igitur  sucoenso  lebeta- 
vaporem  psr  tubam  in  sphseram  incidentem  extra  cadere  per 
tubos  inflexos,  et  sphnram  convertere,  quemadmodum  in  anio 
malibns  ehoresf  ducentibus.'*    p.66t  Joid, 
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form  a  commnaicatioa  between  tlie  cakhon  end 
the  ataioiphere. 

Heat  beings  applied  to  the  caldron,  the  steam, 
flowing  from  U  through  the  vertical  pipe  a,  into 
the  little  globe,  t,  thence  Unds  iU  way  throegh 
the  pipes  or  arms,  in,n,  into  the  atmosphere;  at 
this  instant  the  reaction  of  the  vapour  on  the  air 
makes  the  globe  revolve  wi^  a  magical  celeritj, 
"  as  if  it  were  animated  from  within  by  a  living 
spirit/' 

These  three  attempts  at  employing  steam  as  a. 
mechanical  power  are  described,  wi&out  even  a 
hint  at  their  extension  to  any  useful  purpose. 
This  can  detract  but  little  from  the  merit  of  Hero ; 
a  sagacity  little  short  of  prescience  could  alone 
have  enabled  him  to  anticipate  the  grandeur  of 
that  creation  that  was  to  arise  from  these  beau- 
tiful but  comparatively  insignificant  beginnings. 

That  so  ingenious  a  people  as  the  Greeks  should 
Qvot  have  been  led,  by  those  direct  experiments, 
to  a  practical  application  of  the  agent,  so  exqui- 
sitely moulded  by  Hero  into  a  mechanic  power, 
may,  in  all  probability,  be  ascribed  to  the  operation 
of  the  same  causes  as  those  which  have  thrown  a 
veil  of  deep  and  impenetrable  obscurity  on  so 
many  of  the  arts  of  antiquity.  '^  The  ancient  phi- 
loeophers,"  says  an  excellent  mechanic,  *'  esteemed 
It  an  essential  part  of  learning  to  be  able  to  con- 
ceal their  knowledge  from  the  uninitiated ;  and 
41  consequence  of  their  opinion,  that  its  dignity 
was  lessened  b^  its  being  shared  with  common 
minds,  was  their  considering  the  introduction  of 
mechanical  subjects  into  the  regions  of  philosophy 
a  degradation  of  its  noble  profession ;  insomuch, 
that  those  very  authors  among  them,  who  were 
most  eminent  for  their  inventions,  and  wfere  willing^ 
by  their  own  practice,  to  manifest  unto  the  world 
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tbefe  atfiflcial  wositn,  weie,  iiotwitliitandiBgp«  lo 
infected  by  this  blind  sopentition^  as  not  to  l«8V4i 
any  thing  in  writing  concerning  the  gfOundA  and 
manners  of  these  operations;  by  which  means  it  it 
that  posterity  hath  unhappily  lost,  not  only  tfa« 
benefit  of  these  particular  discoveries,  but  also  the 
proficiency  of  these  arts  in  general.  For  when 
once  learned  men  did  forbid  the  reducing  them 
to  vulgar  use  and  vulgar  experiment,  others  did 
thereupon  refuse  those  studies  as  b6ing  but  empty 
and  idle  speculations;  and  the  divine  Plato  would 
rather  choose  to  deprive  mankind  of  those  useful 
and  excellent  inventions,  than  expose  the  profes* 
■ion  to  the  ignorant  vulgar.*' 

The  love  of  ingenious  and  refined  contrivance, 
which,  notwithstanding  the  neglect  of  their  philo- 
sophers, may  be  said  to  have  formed  a  prominent 
feature  in  the  character  of  the  Greeks,  descended 
not,  along  with  their  empire,  to  the  Romans.  Im- 
provements in  the  arts  are  sought  for  in  vain 
among  these  victorious  sokliers,  during  the  rise 
and  progress  of  their  iron  power  |  a  solitary  in- 
stance of  an  application  of  steam  is  qU  that  can 
be  gleaned  from  the  historians  who  described  its 
decline  and  fall. 

"  In  a  trifiin^  dispute  between  Anthemios,  tb« 
architect  of  Justinian,  and  Zeno  the  orator,  relativa 
to  the  walls  or  windows  oftheir  contiguous  houses, 
Anlhemius  had  been  vanquished  by  the  eloquence 
of  his  neighbour  Zeno ;  but  the  orator  was  de* 
feated  in  his  turn  by  the  master  of  mechantes< 
In  a  lowfer  room,  Anthemius  ranged  several  ves* 
sels  or  caldrons  of  water,  each  of  them  covered 
by  the  wide  bottom  of  a  flexible  tube,  which  ros# 
to  a  narrow  top,  and  was  artificially  conveyed 
among  the  joists  and  rafters  of  the  adjacent  build-* 
mgt  I  a  fire  was  kindled  beneath  th«  cakkonf  f  xh» 
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tt^m  of  tfa'ie  boiling  water  ascended  ihrovgh  tha 
tube«;  the  house  was  shaken  by  the  effoit  of  tha 
imprisoned  air>  and  its  trembling  inhabitants  might 
wonder  that  the  oitj  was  unconscious  of  an  earth- 
quake they  had  felt ;  and  .the  orator  declared  in 
a  tragic  style  to  the  senate^  that  a  mere  mortal 
must  yield  to  the  power  of  an  antagonist,  who 
shook  the' earth  with  the  trident  of  Neptune." 

The  centuries  of  turbulence  which  succeeded^ 
were  unfavourable  to  genius  of  every  kind ;  use- 
ful things  were  dijiregarded,  because  they  were 
common;  mystery  pervaded  every  pursuit;  in* 
ventions  could  be. 'learnt  only  by  deciphering 
anagrahvi ;  and  those  contrivances  were  valued 
highest  for  their  ingenuity,  the  principle  of 
which  could  be  the  most  carefully  concealed.  In 
this  unfortunate  direction  given  to  inquiry,  wo 
eeaae  to  wonder  at  the  sfnall  progress  which  was 
made,  or  that  centuries  should  past  away  without 
a  mite  being  added  to  the  scanty  stock  of  m&* 
chanical  invention.  An  organ^  described  as  aa 
object  of  wonder  in  the  early  part  of  the  twelfth 
century,  wilLnot  furnish  an  exception.  It  showa 
only  that  a  problem  in  the  "  Pneumatica"  was 
resolved  with  skill  even  by  one  of  the  schoolmen. 

About  the  year  1125,  according  to  the  relation 
of  William  of  Mahnsbury,  **  there  were  extant  in 
a  church  at  Bheims,  as  proofs  of  the  knowledge 
of  Gerberti  a  public  professor  in  the  schools,  a 
clock,  constructed  on  mechanical  principles,  and 
an  hydraulic  organ,  in  which  the  air,  escaping  in  a 
wonderful  manner  by  the  force  of  heated  water, 
fills  the  cavity  of  the  instrument,  and  the  brazen 
pipes  emit  modulated  tones  through  multifarious 
apertures." 

■  On  the  revival  of  lecmoiing  in  Europe,  the  ancient 
Platonic  contempt  of  experiment  may  be  said  to 
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have'  revived  with  it,  and  to  have  infected  the 
Italian  philoiophers,  as  it  had  done  those  of  the 
East,  with  an  indifference  towards  useful  or  prac- 
tical mechanics.  Excepting  occasional  disquisi- 
tions, with  a  view  to  the  illustration  of  some 
part  of  the  works  of  an  ancient  author,  machines 
were  as  heretofore  considered  to  be  subjects  from 
which  no  distinction  could  arise,  and  their  con<- 
atruction  was  abandoned  to  the  mechanic,  with- 
out a  single  philosopher  deigning  to  stoop  front 
the  regions  of  abstract  philosophy,  to  impart,  from 
the  stores  of  science,  a  rule,  or  an  observation,  to 
assist  the  artisan  in  bis  labour* 
'  If  nothing,  therefore,  can  be  added  to  the  history 
of  the  employment  of  steam,  a  slight  interest  is  at- 
tached to  the  fact,  that  a  knowledge  of  its  power 
was.not  extinct ;  some  t>f  its  effects  were  dreaded 
by.  lime-burners  at  this  period.  In  the  h^art  of 
some  stones,  according  to  Alberti,  writing  in  1412, 
4bere  are  certain  voidis  and  concavities,  in  which 
air,  being  shut  up,  does  sometimes  produce  in- 
calculable mischief;  ^  for  when  they  come  to  be 
touched  by  .the  fire,  and  the  stone  grows  hot,  it 
.turns  to  vap&ur,9Sid,  bursting  the  prison  in  which 
.it  is  confined,  with  a  tremendous  noise,  blows  up 
the  whole  kiln  with  a  force  altogether  irresistible.'* 
•  The  works  of  some  Greek  mathematicians  and 
mechanics  attracting  the  attention  of  scholars^ 
may  be  considered  an  auspicious  commencement 
of  a  new  era,  for  it  was  improbable  but  that  a 
taste  for  mechanical  philosophy  should  also  be 
formed  ;  and  so  it  followed.  Yet,  as  if  the  leaven 
of  former  prejudice  in  part  remained,  the  warlike 
machines  of  the  ancients,  which,  by  the  introduc- 
tion of  gunpowder,  had  become  obsolete,  were 
now  commented  on  with  ingenuity,  and  in  a  g^at 
many  cases  were  ably  ilhistrated* 
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W«  •pealc  not  hete  of  whfti  migbt  Im  coiludeTed 
th^  feeling  of  society  towaids  thoie  who  distill' 
gniahed  themselves  as  speculative  mechaDiCi 
about  this  period.  Whether  the  imputation  of 
magic,  attached  to  the  order,  arose  through  its  own 
preteasioDS  to  occult  knowledge^  or  wbeUier  astro- 
K>gical  practices  were  forced  upon  it  by  the  preja* 
dices  and  ignorance  of  society  itself,  the  effect  on 
science  was  nearly  the  same.  Yet,  to  innate 
systematic  deception  to  the  whole  body,  would  be 
meaauring  out  unmerited  reprobation  on  numer- 
ous individuals  of  great  knowledge,  and  who  dis* 
charged  the  various  duties  of  life  with  exemplary 
honour  and  integrity ;  and  who,  by  theii  station 
in  society,  and  share  of  its  wealthy  were  far  above 
the  practices  from  the  hope  of  gain .  Their  pnrsuit 
of  such  trifles,  it  perhaps  were  more  just  to  con- 
sider as  arising  from  weakness  of  judgment,  rather 
than  corruption  of  mind ;  that,  in  fact,  their  own 
reason  was  first  bewildered  in  the  labyrinth  of 
astrology,  before  their  enthusiasm  pointed  out 
the  distinction  that  would  follow  success,  in  unra* 
Telling  the  mazes  of  futurity  to  others;  and,  if 
a  few  unprincipled  adventurers  sought  dupes  only 
among  petsons  of  fortune,  their  avarice  should 
rest  as  an  opprobrium  on  themselves  alone.  The 
tales  of  the  disciple,  and  master  too,  in  some  of 
these  cases,  aie  widelyiat  variance.  **  He,"  says  the 
latter,  ''who  called  to  his  aid  the  venial  deference 
of  the  wise,  but  poor  man,  to  sanction  actions 
which  it  bad  been  more  honourable  not  to  have 
engaged  in,  or  gratify  a  personal  vanity,  which  by 
other  means  it  would  have  been  reckoned  men* 
toriouft  to  repress,  had  no  good  ground  of  com- 
blaint,  that  the  powers  of  the  magician  could  not 
be  depended  upon.  But,  alas  !**  says  the  neophyte, 
.^that  so  great  a  price  should  be  set  upon  that, 
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which,  firom  Hu)  experience,  I  now  flad  makes  the 
cost  of  a  ^in  of  mustard  seed  immeasumbly 
beyond  it  m  value." 

One  thing  is  certain,  that  so  long  as  piactical 
subjects  were  discarded  by  philosophers,  a  wide 
field  was  open  for  the  introduction  and  display  of 
the  most  unaccountable  absurdities ;  and  if  now 
apd  then  something  is  found  to  redeem  much  ex- 
travagance, it  is  so  surrounded  with  rubbish,  that 
the  labour  of  excavation  is  seldom  repaid  by  the 
acquisition.  Another  effect,  equally  fatal,  was  less 
obvious,  only  because  it  was  deeper  seated;  ex- 
aggerated professions  tainting  the  language  of 
philosophy  with  hyperbole,  absurd  expectations 
deeply  infected  its  spirit.  Then,  indeed,  phi* 
losophers  appeared  like  simple  men  journeying 
through  fertile  savannahs,  where  bountiful  nature, 
at  every  step  of  their  progress,  invites  them  to  sup- 
ply want  from  her  exuberance ;  but,  despising  her 
profusion,  press  onward  to  a  toilsome,  miserable 
existence,  and  inhospitable  regions,  in  which,  if 
they  do  find  gold,  it  can  purchase  no  enjoyment. 

The  glory  and  shame  of  the  fraternity  was  admira- 
bly exhibited  in  the  career  of  Hieronymus  Cardan,* 
who  united  the  most  transcendent  attainments  with 
the  most  consummate  quackery,  profound  sagacity 
with  the  weakest  superstition ;  who  is  seen  drawing 
on  one  page  the  horoscope  of  Christ,  and  in  another^ 
implonng  his  forgiveness  for  the  sin  of  having 
eaten  a  partridge  on  Friday ;  unfolding  the  most 
beautiful  relations  in  algebraic  analysis,  and  fore- 

*  His  own  seeount  of  hisfour  grtetest  ealsmities  is  brief  snd 
eomprehensive.  **  The  urst  and  greatest  is  my  personal 
defect  ;**  then  **  the  most  cmel  death,  or  folly  or  barrenness  of 
my  children  ;  perpetual  poverty,  accusations,  incumbrances, 
distempers,  duigers,  imprisonment;  hardship  in  the  so  fre- 
quent preference.of  so  many  worthless  penmit*'  FitaPropriOt 
0.259. 
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telling,  torn  the  appeanmce  of  speeka  on  hit  aaiU^ 
bis  approach  to  aome  diicoyery ;  above  all,  elo- 
quently enforcing  the  obligations  of  a  pure  re* 
ligion^  and  expreasing  the  fineat  aentiments  in  mo- 
rala,  while  his  long  life  waa  one  continued  exertion, 
groaaly  outraging  both.  Here  thia  philoaof^r, 
juggler,  and  madman,  is  entitled  to  brief  mention, 
from  displaying  in  his  writinga  a  knowledge  of 
what  haa  been  called  aome  of  the  ''  capabilitiea  " 
of  steam,  and  more  particularly  with  the  fact  of  a 
vacuum  being  speedily  procured  by  ita  condena- 
ation.  He  alao  early  recommended  that  the 
heated  fuliginous  vapour,  "  which  escaped  from 
every  hearth  without  performing  any  useful  la- 
bour," should  be  turned  to  a  more  profitable  ac- 
count ;  and  in  a  later  book*  he  gave  a  description 
and  rude  diagram  of  a  machine,  moved  by  heated 
air,  which,  since  his  time,  has  received  no  im- 
provement, although  much  employed,  and  well 

*  De  Varietste  Rerum,  lib.  xii.  cap.  58.  Basil,  1S57* 
From  Zonca's  book,  Roma,  1607;  this  appears  to  hare  beoi 
■  early  adapted  to  tJie  uses  sn^ested  by  CfardaD,  aad  to  hare 

had  considerable  elegance  thrown  into  its  form. 

His  figure  of  the  celipile  is  often  allnded  to  by  subsequent 

Anthers,  and  it  is  probable  that  he  was  the  first  who  described 

it. 


He  qootei  VitmTins  as  his  anthonty  for  considering  it 
to  have  heoi  kaown  andiued  at  Romf  in  the  time  of  the  first 
C«san 


so  ujkrumtvn. 

kBowft  «•  the  ■wolw  j«(Pk>  His  eavwottttotf  6f 
ii»  propeftiw  afre  pot,  ml  aoy  ntib,  eiaggemted^  if 
it!  gf«ii#ml  adoptioB  be  held  as  i^  test  of  inerit ; 
and  after  bearing  the  bt oni  of  the  fferievKiDg  and . 
jodioioea  Coent  R«mfenl*»  \oikg,  vigorooi,  and 
powerfal  attack,  ^  nethti^  certailed  of  its  fair  pco- 
pofftion/*  it  may  be  ceesidefeel  aa  iaventioB  dee- 
tiaed  to  aniaistcr  to  the  most  agreeable  pffopeasi- 
ties  of  many  geaoTatieos  of  oer  successors. 

Mathesitts,  a  Gennaa  author^  in  \Sktl,  dia- 
played  almost  as  maeh  iogeaoity  in  coBtruriag  ta 
ialrodace  so  aatowafd  a  sabieet  iato  a  s^moa  a» 
a  descripticm  of  an  appamtoa,  aasveciog  to  & 
steaBKeariney  as  woafd  be  ie(|iiired  to  in^ient 
the  nmebnie  itself,  aad  which  he  gives  as  an  iJUaa- 
tmtieia  of  what  **  m'^hty  effects  eouki  be  produced 
by  the  Telcaaie  foree  of  a  little  impriaoaed  va«. 
poor.*** 

FoUowiDg  in  the  same  iaterestiog  tiack,  about 
1577,  aaothec  Genaau  writer  substitnted  steam  in 
what  is  called  the  whirlmg  csUpilea  as  an  economi- 
oal  sabstilttte  for  tara^t  labour.  Its  qaalitiesare^ 
.  on  this  occasion^  eattmerated  with  seUbhaess ;  it  is 
said  to  ''eat  nothing,  and  giving,  withal,  an  assnr- 
ance  to  those  partaking  of  the  feast,  whose  suspici* 
oas  natures  nurse  queasy  appetites,  that  the  haunch 
has  not  been  pawed  by  the  turnspit  in  the  absence 
of  the  housewife's  eye,  for  the  pleasure  of  licking 
his  unclean  fingers,  t 

The  greater  attention  which  pmctical  mechanics 
began  about  this  time  to  rcNseive  from  the  public, 
appears  to  have  been  the  ^effect,  rather  than  the 
cause,  of  some  good  fiollections  having  been  made 
of  the    machines  employed*  in  the  arts  of  the 

*  Bwrf-PostiUa  oder  Sareptft  von  atterly  QetBW«rk  ud 
BUtiilleD,  p.  d7i.    N<ttrimb.  t57t. 
t  StQsrTs  I>e8cripttT«  Bisjbory  of  (i>eSt<sai-Biigias^  p.  9*    - 
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period.  Besson  taught  philosophy  and  maihe- 
iiiatic8>  yiiih  great  leputatioxi,  at  Orleaoiy  and 
acquired  celebrity  as  an  ingenious  mechanic, by  the 
models  of  contrivances  he  exhibited  in  his  lectviet. 
But  a  more  satisfectory  record  of  his  merit,  than 
the  applause  of  his  contemporaries,  remains  in  a 
collection  of  machines  *  bearing  his  name,  which 
was  published  after  his  death  by  Beroaldus,  in  1578. 
An  anonymous  tract,,  printed  at  Orleans  during  the 
author's  lifetime,  contains  a  good  account  of  the 
.expansion  of  water  into  vapour  by  heat,  f 

Great  as  was  Besson's  merit,  it  had  a  formidable 
rival  in  that  of  a  contemporary ;  and  the  excellent 
Capitano  Agostino  Ramelli  was   more  fortunate 
than  he  by  reaping,  in  his  lifetime,  the  honour  due 
to  his  ingenuity.  Educated  at  Rome,  Ramelli  cul- 
tivated the  fine  arts  amid  the  bustle  and  active 
duties  of  a  camp ;  and,  as  an  engineer,  united  the 
taste  and  facility  of  an  artist,  with  the  judgment  of 
jan  experienced  artisan  in  his  delineations  of  mar 
chinery.    At  the  date  of  the  appearance  of  his 
book,  (1588,)  he  was  then  an  old  man,  living  at 
-Paris,  on  a  pension  from  Henry  111.,  into  whose 
service  he  bad  entered  at  an  early  period,  and  repay- 
ing, by  the  benefit  his  labours  bad  conferred  on  the 
country  of  his  adoption,  for  the  honour  and  afflu- 
ence he  owed  to  the  patronage  of  its  monarch.^ 

*  Tbeatnim  Instmmentornm  et  Machinamm  JaeoM  Bes- 
t<mi  CTim  Franc  Beroalditt,  figiuraruiii  declaratione  danonstra- 
tiva.    Lugdnni,  1678* 

f  **  D'nne  mcsure  d'ean,  par^chaleur  et  attteuation  Ha  s'en 
fcmt'dix  d'air,  qui  tirat  vne  grande  espace  par  dessvs  nous, 
au  contraire  par  froidenr  ils  s'en  font  de  dix  d'airnne  d*eati.*' 
p.  S5.  VArt  et  Science  de  tremver  let  Eanmn  Orkant,  1669. 
Canini,  a  Venetian,  in  1566,  bad  also  made  some  experiments 
on  this  subject. 

\  Le  diverse  ed  artificiose  Macbine  del  Capitano  Agostino 
Samelli  dal  Ponte  della  Trefia.  In^egniero  Christianissimo 
ite  di  Fnucia  et  de  Polonta.  A  Parigi,  is  aass  del'  antore,  1588. 
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Although  thii  momnnett  of  the  exeenent  Gapi^ 
tano**  hiduiU^  and  ingenaity  may  ccmtam  nothing 
strictly  entitiiBg  him  to  a  notice,  in  a  aammary 
appropriated  to  a  tketoh  of  tho  pcogreas  of  0(eam* 
engine  machinery,  yet,  ai  his  and  Besson's  publir 
eatioat  may  be  considered  aa  the  first  mines 
whence  machinists,  throaghout  Europe,  drew  the 
materials  of  their  geneml  improvement,  anotice  of 
them  can  hardly  be  omitted  in  any  subject  of  piaci- 
tical  mechanics,  connected  with  the  period.  Hera 
may  be  observed  many  fine  inventions,  which> 
afler  having  been  long  forgotten,  have  been  again 
revived  as  new ;  irhile  oUiera  have  received  imf 
provements,  almost  entitling  Uieir  authors  to  claim 
the  merit  of  original  conception. 

From  the  influence  these  works  had  on  subse* 
quent  compilers,  it  must  be  regretted  that  at  that 
time  no  good  model  of  nteclmnical  description 
existed  to  guide  the  labours  of  those  whose  taste 
or  profession  led. them  to  describe  machiaery^ 
The  connection,  arrangement,  and  use  of  the  m»> 
chines  are  given  in  these  and  later  works  with  neat- 
ness and  perspiouity,and  the  engravings,  as  dia- 
gfams,  are  excellent ;  but  any  thing  relating  to  the 
velocities  and  proportions  of  their  parts  is  seldom 
found.  This,  to  the  artisan,  is  a  point  of  essential 
importance ;  the  eiSciency  and  darabilily  of  his 
handy  work  mainly  depending  on  his  knowledge  of 
these  particulars.  This  want  of  precision  among 
practical  writers,  helped  not  a  little  also  to  pro- 
long the  reign  of  visionary  speculation,  on  hypo- 
thetical conxDinations,  in  that  class  whose  studies 
had  a  theoretical  direction,  and  who  found  .'it 
more  congenial  to  their  natural  indolence  to  id-* 
dulj^e  a  fonciful  genius,  by  giving  the  reins  of 
their  minds  to  imagination  rather  than  to  reason. 
Deduction  from  experiment  was  unknown  to  them ; 


i^d  the  <aef>  which  oftvn  iuppliM  itt  plRcc>  bat 
ctii  he  tto^tmed  from  «i|>«lt«iice  ido&e,  wis  not 
theiirt.  liieir  mechanical  chiitietat,  howaver 
tisiofkary  in  themielvei,  might  hare  paia^  aa 
trifl^i  and  been  tolemtad  atf  harmlefes*  b^caaaa 
carrying  avidence  of  their  own  absurdity ;  but  they 
nnfortanately  had  a  deeply  injurioui  tendency  | 
bemg  heedietily  coveidered  aa  tights  directing  ia 
the  pftth  of  tnitb,  instead  of  beacons  warning  against 
approach  to  a  precipice  of  error,  they  not  only 
prodaced  disappointment,  fott  distiacted  atten^ 
tioii  from  things  which  ooght  to  have  been  follow-* 
ed.  The  obstinacy  with  which  this  philosophical 
delusion  was  cherished^  marked  it  as  a  vigorous 
shoot  of  that  social  Quitotism,whose  In  fiuence  still 
lingered  in  the  usages,  and  tinctured  the  opinions, 
of  society  throughout  Europe.  The  same  aberra- 
tion of  intellect,  which  prompted  romantic  ad- 
venture ia  search  of  ideal  perfection,  made  the 
•Ichymist  of  the  period  recklessly  cast  gold  itself 
into  the  furnace,  in  the  vain  hope  of  finding 
amK>ng  its  ashes  a  talisman  for  its  unlimited  re- 
production; and  mechanics,  struck  also  with  the 
mental  pestilence,  wasted  that  *'  precious  stuff  that 
life  is  made  of"  in  figuring  machines,  by  which 
mountains  could  be  raised  by  a  chi1d*s  breathing 
on  small  sails  attached  to  a  combination  of  wheels 
and  pinions,  and  iii  pursuing  the  phantom  of  per- 
petual motion.* 

•  Deoatti  «bi«nrM,  tkat  the  multipUeation  of  moarmg  forees 
it  so  mat,  that  had  he  a  spot  to  place  a  naohime  «i,  (as  Ar- 
dldBwMMS  o«aflt«d,>JM  eonld  moTA.:  the  earth*  H«  fa  ^adid, 
koweve«i»  and  ha  Mjrsr-  **Ii  has  aot  jret  bank  pat  in  praetioei 
baaaaee  Hwre  an  m>  laseh  ffteat  weights  to  mova;  and  also 
IbJit  it  wottld  be  diffieaH  to  get  a  foundation^  aad  a  maohise 
steoaf  and  soBd  aaoogil  Id  Support  **  naA  pesaat  fiirdaan  " 
$trii$oiu  4$B^am»Utmf$Mt§u  p*.  16., 

TlMf«UowiDg  quotatioDSt  although  written  loBf  sitae  ths 
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It  were*  however,  injuitice  to  lefuie  to  msiiy, 
who  were  obstinate  dreamers,  the  merit  of  some* 
times,  by  accident,  producing  inventions  of  an 
useful  and  original  character.  Notwithstanding 
a  belief  in  astrology^  and  a  pursuit  of  alchymy, 
Baptista  Porta,  a  Neapolitan  gentleman,  was  an 
expert  chymist,  and  an  able  mathematician  and 
natural  philosopher.  His  works  carried  the  fatne 
of  his  acquirements  throughout  Europe ;  and,  de- 
voting his  fortune,  as  well  as  leisure,  to  the  ad- 
vancement of  science,  his  house  became  the 
centre  of  a  society  in  which  was  to  be  found  every 

t 
period  alluded  to,  will  give  aome  idea  of  the  extent  to  whicK 
these  fancies  were  carried.  They  describe  vagaries  which 
flourished  luxuriantly  for  centuries,  and  which  are  not  yet 
decayed. 

*'  Sampson  could  lift  up  the  gates  of  a  city  on  his  shoulders  s 
and  that  the  strongest  bonds  were  but  as  flax  burned  with  fire, 
and  yet  his  hair  being  shaved  off,  all  his  strength  departed 
from  him.  By  mechanical  contrivances,  it  is  easy  to  have 
made  one  of  Sampson's  hairs*  that  was  shaved  off,  to  have  been 
of  more  strength  than  all  of  them  when  they  were  on.  By  the 
help  of  these  arts,  it  is  possible  (as  I  shall  demonstrate)  for 
any  man  to  lift  up  the  greatest  oaks  with  a  straw,  to  pull  it 
with  a  hair,  or  blow  it  with  his  breath."  The  whole  appara- 
tus of  ^he  engine  that  will  do  this,  doth  eonsist  in  two  double 
pulleys',  "  twelve  wheels  and  a  sail."  The  roots  of  the  oak  he 
estimates  to  cover  a  surface  of  a  thousand  feet  square,  and 
forty  feet  deep,  equal  to  four  thousand  millions  of  pounds 
weight;  **the  proportion  of  the  wheels  being  as  ten  to  one 
each;  if  the  weight  of  the  straw  or  hair  be  equal  to  the  hun- 
dreth  part  of  a  pound,  it  will  be  of  sufficient  force  to  pull  up 
the  oak;  if  the  wheels  and  nuts  (pinions)  be  proportioned  as 
a  hundred  to  one,  then  it  is  very  evident  that  the  same  strength 
of  a  breath,  (blown  on  small  sails,)  or  a  hair,  or  a  straw,  will 
be  able  to  move  the  world.*'  In  another  part,  supposing 
**  the  first  wheel  to  move  four  thousand  bums  in  an  hour,  the 
world  would  be  moved  more  than  a  hair's  breadth  in  ten 
^ears ;"  and  after  a  long  calculation,  **  it  would  not  pass  one 
inch  in  a  million  ;of  years,"  saith  Mersennus,  with  some  exult- 
ation. fFUkintt  Math.  Mag.  p.  34.  See  also  Terra  Machinis 
Mota^  hjf  PmtlQ  CattatOy  Bona,  1066»  for  some  extraordinary 
iUustratums.  .    - 
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perwrn  distifligiiiBlied  for  lank  and  aoqairement  in 
Naples.  We  owe  the  magic  lantern  to  his  inge« 
nnity  ;  and,  in  his  commentary  on  the ''  Pnenma- 
tica/'  (the  last  made  araong^  those  in  whose  Ian* 
guage  it  was  first  disseminated  throughoutEarope,) 
is  found  a  beaotiful  extension  of  one  of  its  most 
interesting  propositions.  The  author,  it  is  ad- 
mitted^  ma4e  no  application  of  his  apparatas  as 
a  mode  of  raising  water,  directly  by  the  force  of 
steam,  from  rivers  and  fountains ;  but  his  diagr4Mm 
and  descriptions  are  so  complete,  that  its  appU« 
cation  to  this  purpose  by  another,  could  not  be 
considered  even  as  a  variation  of  his  idea. 

A  retort,  ajiQg.  C,)  has  its  neck  inserted  into  the 
bottom  of  a  vessel  or  cistern,  c,  which  is  nearly 
filled  with  water  by  the  funnel  e,  and  well  closed ; 
a  pipe,  t,  goes  through  the  cover.  The  water  in 
the  retort  being  heated,  steam  rises  into  the  upper 
part  of  the  cistern,  and,  by  its  expansion,  expels 
the  water  it  contains  through  the  pipe  t,  inserted 
into  its  cover.  * 

*  "Faeeisi  ana  casa,  c,  di  vetro  5  di  stagno,  e  sia  itel  fondo 
Iroaatot  p9r  dovl  paasi  una  canna  di  un*  ampollada  diatiUare, 
che  sia,  a,  e  questa  habbi  una,  5  due  oncie  d'  aequa  deatro,  e 
da  il  collo  saldato  nell  fondo  della  cassa,  che  non  possa  de  la 
aeorrer  fuori.  Dal  f<mdo  della  oassa  si  parti  un  canale  tanto 
lontaao  dall  fondo  qaanto  basti  a  scorrer  1'  acqua,  e  questo 
canale  passi  per  lo  coverchio  fuori  poooo  lontano  dalla  sua 
snperfieie.  Questa  cassa  n  riempi  di  acqua  per  il  buso,  e,  e 
doi  si  ferri  bene  che  non  possa  respirare.  All'  ultimo  po- 
nerete  la  detta  boccia  aofprfk  il  fuoco  el  andatescaldandola  pian 
piano  che  solvendosi  V  acqua  in  aria  premeHt  V  acqua  nella 
eassa  e  qnella  fark  violensa  all'  acqua,  che  saliaca  per  il  cap 
nale,  I,  e  ne  scorra  fuori.  E  cosi  andare  senpre  scaldando 
r  acqua  siache  sariL  finita  tutta :  e  mentre  sfumerk  1*  aet^ua 
aempre  1'  aria  premera  V  acqua  nel  vaso  e  1*  acqua  oscurk 
sempre  fuori. 

.  **  Finita  eswUatiione  si  misuri  quant'  acqua  sara  fiior  della 
eassa,  che  in  luogo  dell'  acqua  nsita  fuori  vi  sark  restata 
tant'aqua.  .         ■  .    . 


Tht  attention  «hi«h  wai  given  to  ihm  "  Paen* 
HNHioa"  by  IuIma  «iitliQni»  nod  ■  aaoiif  othtn  by 
Forte,  ctin  basily  bo  acooiiatod  Hi  (worn  tlie 
gmtiAootioii  of  th*t  pedaatry^  which  haa  bean 
oallad  tba  bowtting  «la  of  the  age.  FIto  trantbu 
tioniy  and  other  veprint%  in  so  brief  a  bpum  of 
time,  must  have  been  produced^  even  among 
■sholars,  by  eonething  beeidesa  mere  admiration 
of  ite  olasskal  origin. 

In  the  warm  climate  of  Italy,  one  of  the  moet 
Ittxurioin  accompaniments  of  a  shady  groVe^  a 
magnificent  eolonnarie,  or  piaaMi«  it  a  fotintatni  or 
jet  of  water.  Besides  the  delighftfal  fr^bness  it 
prodiMes^  by  givhig  a  motion  to  the  '*  listless 
air,'*  the  rartety  of  agreeable  contmsts  water 
forms  with  the  prodnotions  of  the  stetuary  and 
architect,  made  jeto  and  fotfti  tains  omamento  which 
all  were  ambitious  of  possessing.  To  raise  water, 
therefore,  in  abundanoe,  and  to  distribute  it  with 
jndgment  and  skill,  were  subjects  of  subh  general 
impottaBce,  that  any  thing  teaching  the  best  modes 
of  accomplishing  either,  could  not  foil  of  excit- 
ing considerable  attention.  The  "  Pneumatica," 
accordiag  to  Muratori,- which  tevght  a  rariety  of 
elegant  whims,  in  wlrich  water,  by  simple  means, 
was  made  to  form  efiTects  whLcih  were  so  much 
admired  and  coveted,  received  only  that  attention 
which  was/  its  due,  atf  an  admirable  practical 

**£  Ti  sesorg«r«te  d«Ua  iqM^titii4  deQ'  scqtia  tueita,  ehe 
r  M«i«  si «  nioltltft  ia  tattt'  ans« 

-  ^  91  pob  SiMOf»a9«veliiiettte«ii8«rSfre  vn'  oieia  di  aria  ae^la 
saa  eoiuiiatcaaa  in  qmaata  parti  di  aria  pitiBottik  vi  po&  dis- 
solTtre.**    I'TriIAMSptritkli,T^.76.    NmoU,  1600. 

.  la  anothgr  experimeat  a  Taoattoi  ia  foimod  byvoadCDtatioii, 
and  water  is  foroed^^spwards  into  it  by  tke  pTe88iir»  <jf  the  ataK>- 
spbate  X  and  this  ia  the  basis  of  an  ingenioiu  mode  of  etU- 
Batiair  the  apaee into  whkli  teeair  or  Tapoor  has  «spaaded« 
p.  76.  Old, 
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'b6ok|  ;Mid  irhleli,  on  Out  moowH,  it  wodM  hftve 
eommaaddd^  bad  ife  beni  %nti  wtiiteB>  io^leMl 
of  betDg  tMOflftted'  b^  Aleotli*  One  thiag  m 
obviott*,  thaV  aCiM  hM  MLosUeiil  tnaakiiioB^  % 
wpBderfal  varietgr  asd  elegtiioe  W  iUimtnitioa 
were  iotrodnecd  mto  bjidmulic  and  paMuaatia 
diaqtttMiiopi. 

Tbe  ivftitalimi  of  tha  atyla  of  Italian  bmUinga, 
akoy  i^rtroduoed  iiito>  othar  coamriea  tba  vae  of 
ornamental  femntaina  3  and  •SeloBHm  Dacaofli  a 
French  enginaer  and  aichitaet,  was  among  thf  fiiat 
ivho,  fallowing  the  pBovaUing  lasta,  gave  dM^na 
for  theif  GODBtriMAion. 

Of  Decaus*!  htstoty  nothing  ia  known ;  \m 
it  may  be  colleeted  from  a  book  he  .pablishod 
at 'Frankfort  in  1615,  that  he  was  known  to,  and 
had  been  in  the  service  of,  Chafle»i.  when  Prinea 
of  Wales ;  that  he  had  designed  some  bydmtiU^ 
omammts  Ibr  that  pvinceV  paiaee  at  Richmond) 
and  others  to  satiaiy  his  toyal'  hlgfanesi^B 
^  pemfiae  euHo^itir  8«me  of  these,  he  says,  ave 
denoiibed  in  his  *f  Raisons  des  Forces  Mctovantes,^ 
thtf  second  part  of  whieh  ho  dedicates  to  CharWs 
sister,  Elisabeth,  SHectrets  Pakitine.  In  lei-ft 
he  was  residing  at  Heidelberg,  from  which  place 
he  dates  his  dedications  to  the  king  of  France^and 
to  the  Princess.^ 

*  X#<  B4Moik$  4e$  Faroes  J^omaates,  areo  diversea  ms- 
chines  tant  utile  que  plalsantes,  auxquelles  sont  adjoints  ida« 
sieurs  desseins  de  grotes  et  fontaiiMS,  auginent^es  d«  plosieura 
flffures,  par  Salomon  de  Com,  In^ieur  et  Architecte  dti  Rov. 
Frankfort,  1615.  AiM>ther  edition,  in  whkk  tb«  Epatre  Dedi- 
oatmrd  is  dated  Heidelberg,  IMi  February,  l€15i,  anj  the 
permiesioB  to  print  is  dat^  1614,  bat  it  it  printed  for  CL 
Serestre,  Parit,  16S4.  A  third,  ^ilh  an  altiev«d  title,  •*  Notf- 
velle  ittventtoB  deler«rl'eaubantqu«Baioiiree,8Tpe^elque8 
naefaiaesnioaTanteii,  par  le  moyoi  da  Vea»s  et  vb  ditoonra^de 
la  ooodolte  d*Iee]|e,  aveo  bcaiieoBp  df  figar«8,  pat  Inno  'de 
Com,  Ing^iieiur  et  Architecte  k  Charles^  le  Prtinier»  Roy  dB 
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'  In  copying^  the  contrivances  iii  the''  Spiittalia/* 
M  hydiaalic  and  pneumatic  machines^  Decaus  and 
his  contemporaries  did  not  yield  either  in  inge- 
nuity>  or  love  of  the  marvellous,  to  any  of  their 
Italian  precursors ;  but  among  much  irrelevant  spe- 
culation and  impracticable  combination,  yie  be- 
gin to  observe  a  leaning  to  experiment ;  yet  it  may 
be  questioned,  'whether  the  partial  e88ay$,  \rhich 
were  coming  into  vogue,  did  not,  in  many  cases, 
produce  a  greater  deviation  from  8i»ber  truth,  than 
the  pure  speculation  which  preceded  them.  On  a 
trifling  or  inconclusive  experiment  were  buik 
the  most  wonderful  mechanisms.  Their  action 
was  so  clearly  explained,  and  their  effects  so  well 
understood,  and  so  magnificent,  ''  that,  by  my 
faith,''  says  a  sturdy  contemporary,  when  de- 
scribing the  class,  '*  the  very  boldness  of  the 
projection  made  unsteady  the  judgment  of  right 
worthy  men,  who  openly  spoke,  in  other  matters, 
their  mean  opinion  of  the  artists."  To  Decaus, 
particularly,  the  priaise  of  ingenuity  and  credulity 
applies  in  a  w  ide  extent ;  and  the  prolix  earnestness 
with  which  he  discusses  some  visionary  projects, 
is  only  equalled  by  the  apathetic  brevity  with 
which  he  dismisses  some  exquisite  inventions. 
None  of  his  fancies  is  so  great  a  favourite  as 
the  mode  of  raising  water  by  the  sun's  heat.  In 
the  "  Epitre  Dedicatoire,"  after  giving  a  laconic 
summary  of  the  contents  of  his  folio,  he  particu- 

Grand  Bretagne.  A  Londres,  imprim^  poor  Thomas  Davis, 
1657."  A  fourth  edition,  wilji  the  same  title,  but  -without  a 
date  or  name  of  the  place  where  it  was  printed,  is  **  par  Isaac 
fie  CoMt  Ing^nienr  et  Architecte,  natif  de  Dieppe."  In  this 
the  experiments  on  steam  and  their  diagrams  are  omitted. 
This  was  translated  into  English  b^  John  Leaky  in  1707' 
The  plates  are  the  same  as  those  in  the  edition  of  1624. 
The  dif^rams  and  experiments  on  steam  are  omitted  in  the 
translation  also. 


hi*  ingpMaQ«ft4#iK|»pn«4Mi  d  Ibe  wekut  mAvf»m»t 
by  «kkb  b»  o«b<  pnrform  marvvUoiMi  effBeto  s  « 
iiiachip4»  iiple4  on  bj  a  coounoa  £^:oi  beiag  po** 
sibly  coDsiiieied,  by  the  "  arckUecie  au  rof^,**  a 
thing  too  eommon  to  be  aotieed  by  «o  great  a 
monarchy 

Tbe  pclaeiple  aB4  aaaag«iaeat  of  th^^  vbiauii 
bave  been  already  deievibed }  the  varialioni  nay 
berer  oaly  be  tioticed.  Instead  of  the  batt  in  Hero's 
problem,  Decaus(%.  X)  subftituteaa  box  for  tbe 
wataff  with  le— eaiBMnrtid  iatoi  ila  Iid>  la  inoaraase 
the  flan's  heat  by  eooeentmting  the  rays ;  aad  in  an-* 
other  diagram  he  pUtce$  the  glasses  in  a  ftame^ 
and  throws  tha.  wabeaaka  osk  the.  oii^ide.  Tha 
pipe  gaia^  from  the  eistern  iaia  the  heated  reawV 
he  hirnishes  with  a  ralve  openings  apwafdv,  to  pre' 
vent  the  return  of  the  water;  another  valve  is 
placed  in  the  pipe  rising  front  the  heated  vessel, 
also  to  perform  the.  same  office ;  as  might  have 
been  expected*  tha  effect 'is  greatly  enlatged  in  the 
improved  apparatus.  l^Earo  was  satislled  to  make 
the  water  he  raised  a  small  distance  &11  in  drops ; 
Decaus  elevates  his  to^  an  imposing  height,  and  it 
descends  ii^.copious  jetSyrepl^aashmg  aia|>le  foun- 
tains. 

These  triflea  need  not  detata  us  longer  from  the 
ainpJac  things*  whicyb  form  his  best  claim  ta 
iemambemBce>  aa  oae  of  tiia  earUes(»  though  ladai 
experimenters  on  steam  and  appliers  of  its  power 
to  a  purpose*  of  u^tility  and  importance. 

Oae  of  his  rough  experiments  will  readily  re- 
caU  the  source  of  some  later  ilhistiattoas  of  the 
pQiper  of  steam.  A  well-closed  copper  baU>  which 
coataina  a  little  water,  is  placed  on  a  fire ;  whea 
heated,  the  *'  oompiessio&"  of  the  steam  withia 
vat  btiwt  the  glfobe  kl  pieces,  with  an  e»pta»ioa 
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like  tHat  of  a  petard.*  In  another,  he  shows  how 
beat  carries  oflf  the  water,  into  which  it  enters  by 
evaporation ;  and,  in  a  third,  that  steam  letams 
by  condensation  into  its  own  bulk  of  water  ;t  and 

f  ■  *  *'  Soit  use  bslle  de  cuivre  d'nne  pied  on  denz  en  diam%tr«, 
et  espaUae  d'lm  ponce  laqnelle  sera  remplie  d'ean  par  un. 
petit  trou  leqnel  sera  boncne  apr&s  bien  fort  avec  nn  clou  en 
sorte  qne  Tean  ny  air  en  pnisse  sortir,  il  est  certain  qne  si 
Ton  met  la  dite  baJle  snr  vn  grand  fen,  en  sort  qu'elle  deneuM 
fort  chand  qu*il  se  fera  une  comjiression  si  vlolente  que  la 
biUle  crerera  en  pieces  avec  bruit  seniblable  A  un  petart.** 
Baisons^  &c.  p.  S. 

'  f  **  Soit  un  Taissean  de  eniyre  raid  narqn^  «,  bien  cloa  at  wnde 
tonte  k  rentonr,  anqnel  il  j  anra  un  tnyan  marqn^  c,  tf,  doat 
I'nn  de  bouts,  c,  approchera  du  fond  autant  qu'il  faut  pour 
laisser  passer  Teau,  et  I'autre  bout,  ef,  sortira  dehors  le  yais- 
seau,  anqnel  il  y  anra  nn  robinet  oiarqn^  c,  pour  onrrir  et 
former  qnand  besoing  aera,  ct  y  anra  anasi  nn  tpnBpiral  en 
haut  marqn^  «,  aprte  faut  mettre  de  Teau  dans  le  dit  vaisseau 
par  le  souspiral  jusques  ii  une  certaine  quantity,  et  si  le  vais- 


sean  rontient  trois  pots  Ton  y  en  mettra  justement  nn  pot 
aprii  fandra  mettre  le  dit  vaissean  snr  le  feu  yiron  trois  on 

Suatres  minutes,  et  laisser  le  souspiral  ouvert  puis  retirer  le 
it  vaissean  du  feu,  et  un  pen  apr^s  fandra  retirer  Vean  dehors 
par  le  souspiral,  et  tronverez  qne  partie  de  la  dite  eau  s'est 
fesvapor^e  par  la  chalenr  du  feu  apr^  fandra  remplir  la 
mcsure  dn  pot  oomme  il  estoit  auparavant,  et  remettre  I'eau 
dedans  le  vaissean,  et  alors  fandra  bien  boucher  le  souspiral 
et  le  robinet  et  remettre  le  vaissean  snr  le  feu  anssi  long- 
tempa  oomme  la  premiere .  fois,  puis  le  retirer  et  le  laisser 
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he  propouDdfina  theorem,  that,  by  meant  of  heat, 
water  will  rise  to  a  height  above  that  of  its  level.* 
Water  is  introduced  into  a  copper  globe,  (fig.  B,) 
a,  by  a  fannel;  and  another  pipe,  t,  descends 
through  the  fluid  to  nearly  the  bottom  of  the  ves-- 
•el.  The  globe  is  placed  over  a  fire;  the  vapour 
which  is  generated  in  the  upper  part  of  the  ball,' 
expanding,  presses  on  the  surface  of  the  water, 
and  forces  it  up  the  pipe  i,  the  stop-cock,  at  m, 
preventing  the  escape  of  the  steam  from  the  funnel. 
Cardan,  we  have  observed,  had  some  clear  no- 
tions of  the  properties  of  steam,  but  many  others  of 
the  alchymists  are  familiar  with  ibe  fiictsmore  di- 
rectly elicited  from  Decaus's  experiments ;  indeed, 
every  distillatory  process  must  have  forced  on  their 
attention  the  great  expansive  power  of  steam  ;  its 
return  by  condensation  into  water ;  and  that  the 
fluid,  thus  produced,  was  equal  in  balk  to  that  it 
possessed  before  it  was  converted  into  vapour. 
But  then  a  simple  statement  of  a  plain  matter 
never  was  sufficient,  for  their  sublime  imagin- 
ations; ''some.frigorific,  ethereal,  or  igniflc"spirit 
was  either  to  be  let  loose  or  bound  in  chains^ 
or  propitiated,  before  the  phenomena. could  be 
accounted  for  or  explained.    Decaus,  therefore^ 

(la  premiere  fots  que  Fon  a  mi«  le  vaisieaii  snr  In  feu)  est 
reUmiu^  en  ean  a  seconde  fois  qiia  la  dite  vspenr  a  este 
eucrx^  dana  te  yaiaseau  et  qn'il  s'est  refroidy  d«  luy-inesme." 
p.  3>    Ihid* 

•  TinoBisiR.  (7\g,  11.)  ' 
**  L*ean  montera  par  aide  du  fea  plus  hant  que  mm  niveav 
doDt  U  se  pent  faire  diveTses  machines  Ten  doboeray  lay  la 
d^oMnistratioa  d*ime.  8oit  une  balle  de  ootrre  marqneA  a, 
bien  spa4^e  toat  k  Tentoar,  k  laanelle  il  y  avra  nn  gonspiral 
iDarqti^  m,  par  oik  Ton  mettra  rean,  et  ausn  tin  toyau  toar« 
qn^  t,  qni  sera  londe  en  bant  de  la  balle*  et  leoont  ajp* 
prochera  prite  dn  fond  sane  y  toucber,  aprH  favt  emplir  laf^dite 
balle  d'eau  paitte  Boospiral  pni<  le  bien  reboncher  et  le  mettre 
rar  le  fen,  alon  la  ctaalenr  donnant  eoatire  la  dite  ballt  fera 
BMOter  tonte  Vt$n  par  U  toyau- 1.*'  p.  4.  Ibid* 


iBgeaiovw  dMivril  \»  \m  in  Im  teboitw  siMmi  1€i 
progvesaioyou  tmks^  «k«tvag^  »{if)eMio«M  M  be  mw 
them  iii4y>aftU  ought,  beco«ai4e«edtolib  boiMUT. 

The  appJicatioii  ol  U»Vipov«r  ^4»  «ot  suggeiteii 
by  DeiCftaa  to  any  purposo.  heyood  that  aho^n  in 
bit  model.  Yet  a  fire  appUed,  inat^d  of  bis  mXtn 
xorty  to  an  ariMgemeoftolvesaeki  %oA  pipofl*  witb 
their  oocks,  a«  he  deaoribes  ia  hi*  ami's  .heat^^  vna^ 
chine*  (fig.  X,)  could  8<:aioely  bavo  left  any  tbii# 
to  be  ^iahed  ka,  an  a  timple^  efioieat^aad  iage* 
miooa  aubatitote  hi  mtmmX  labour  in  r^tsiog 
vater. 

The.  Acheniue  of  B«iBca^  aa  Italtan  an^hiteet  aii4 
engineer,  ia  \^^,  eadiibite  a  difoent  inode  oi  ap* 
plying  the  ageacy  ol ateam )  here  ita  inmalaioa  ob  % 
whepl  {uoducea  a  xolary  motion*  The  watei  ia 
heated  in  an  eslipite,  d,  by  a  fire  pkced  beoeath 
It,  e,  and  the  ateam^  iaauing  fromitaotiflce.oa  thtt . 
Yanea  o(a  wheel>o,  oamea  Uto  revolve ;  aadUMo^t 
tiAUoiu  motion  ia  fiommuntoated  to  other  whe#la» 
moving  stampem  anapended  ovet  inoilaia.*    A 

•  *^Ds  qnal  si  i^Ba  tmn  si  pao  ^atiartf  prliiei^«t 
fiondameati  booai  p«r  MminaMk  air  oeoasioiMy  m  igua  h 
fatta peTp«8ft»re ]«'iMit«rie p9r  f«r l^pduwe ib» Ma w> bm* 
tore  meravigUoao  clie  non  e  altro  che  una  testa  dl  metaUa 
ton  il  sno  busto  sc^ato  per,  a,  empho  d'acqna  per  il  fi>n>,  c, 

C;(a  a»9fa  cajcbou  aeeoBi  n«l  iboiiiax^  k  oM^olKpo■aae•a^ 
a  in  attr^  looco  cba.  neiUa  bpoo^  in  ■itQ» «^  fatkiiato.  obm 
▼iolmto  ebtie  i^ltando  la  niota»  a,  et  U  sno  ropchetto,  i«»dajri^ 
nella  ruot&  dentata,  Xy  e  con  il  swu  roochetto, « ,  muooela  rotl^ 
«,  qnale  con  il  roediatUH  «,  m«o«al^f«oft%  r,  com  il  eilindio 
w^amalft  p«r  a]fMigre]iLdoipi9tQiii»i,s»iBa«FtiaeUlM6t«^ 
ys  U  qua]*  aJbaadiosi  a  vieeada  aofva  le  vasa  di  metathwobt 
«i  pestark  li^  polaere  et  altrfrtmateria  che  bisogBarasBo^  ^^ 

Lr  ICaobbk^  VolamA  vaoro  •!  di  naolike  aitifieio  da  £v« 
•ffstti  niaraTigl»9ei  si  tOAto  tpiritali  qaaato  di  aaunato  opei»r 
tione  aridhdto  di  beUioiiiaefigara  eoble  ^^olii^ralMHU  a  (owh 
•u»a  di  ewe  m,  linrna  volj^are  et  latioa*  D«l  8id^  flft«iN»m4 
Mfmea^  cittadiuv  R^hhiuio,  In«mpE;i«K>  and  Afti^iWIlo  detta 
Sta.  Cfisa  di  X^aHft.   luBK^m^T 
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slight  inspection  of  Branca"!  diagiaiA  will  be  iuf- 
ficient  to  conyince  qb,  that  his  series  of  wbeeli^ 
and  the  stampers  and  the  mortars^  are  introduced 
more  to  show  how  steam  might  be  appliedl  than 
that  it  ever  was  so.  His  book  besides  is  avowedly  a 
coilection  of  machines  invented  by  otl^fsj  and 
this  mode  of  moving  a  wheel  by  steam;  is  proba- 
b]y>  therefore,  an  idea  of  which  he  is  the  mere 
illastrator.  He  gives  another  figare  in  his  volume^ 
in  which  he  shows  the  smoke,  rising  through  a 
pipe  from  a  tmall  smith's  hearth,  moving  a  wheel, 
which  communicates  motion  by  other  wheels  to 
cylinders,  for  flattening  iron  bars.  This  by  the 
smoke^  and  that  by  the  steam,  may  therefore  be 
equally  efficient ;  and  both,  probably,  have  si- 
milar pretensions  to  being  considered  as  ever 
having  been  applied  in  practice.  The  picturesque 
arrangement  of  his  apparatus  will  be  readily  ad- 
mitted as  a  proof  of  the  position,  at  least,  that 
Branca  was  a  man  of  taste,  as  well  as  a  person  of 
ingenuity. 

The  year  following  that  of  the  publication  of 
Branca's  book,  the  ingenious  Cornelius  Drebbel, 
who  has  left  so  great  a  reputation  for  ingenuity, 
and  so  few  of  whose  works  remain  on  which  it  was 
founded,  put  in  practice  the  device  which  has 
been  described  as  producing  the  sounds  in  the 
Egyptian  idol. 

*'  A  musical  instrument  which,  being  set  in  the 
sonshine,  would  of  itself  render  a  soft  and  pleasant 
harmony,  but  being  removed  into  the  shade  would 
presently  become  silent :  the  reason  of  it  was 
this,  the  warmth  of  the  sun  working  upon  some 
moisture  within  it,  and  rarefying  the  inward  air 
unto  so  great  an  eiLtension,  that  it  must  needs 
seek  a  vent  or  orifice,  did  thereby  give  several 
motions  |into> the  instroment,' 
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theologial  and  pieaeher^  a  onriom  critic  is  Bererat 

*  Dr.  Jolin  WilkiDs«  bUhop  of  Chester,  married  Robuuiai 
the  widow  of  l^eter  French,  and  sUter  to  Oliver  CromweU. 
Archbishop  TQlotson  married  his  daughter  in  law.  He  was 
«8  Wood's  eharaoterv  g^ren  a  the  text,  one  of  the  roost  v»> 
markaUe  men  of  his  kqte.  On«  of  his  most  eiurians  srotfao^ 
tions  was  a  discourse  ten^iaf  to  prove  **  that  it  is  probably 
there  may  be  another  habitable  world  in  the  moon.**  This 
piodnoed  mash  merriment  fov  the  wits  t  amongf  othen,  the 
«elebraited  DaehMs  of  Nff^reastle  objected  to  the  doctor's  pfa»> 
position,  **  that  it  is  possible  for  some  of  qut  pottei^ty  to  find 
oat  a  conveyance  to  this  other  world,**  ana  suggested  th<^ 
want  of  baiting  pheet  on  the  way;  the  Doctor's  reply  was 
«D  expvession  of  surprise,  **  that  this  obieetion  should  be  mad« 
by  a  lady  who  had  bes«  aU  her  life  building  ofuK^es  ^^  4^ 
atr."  **  If  it  be  inquiired,"  says  the  biahoPk  "  what  meaof 
there  may  be  for  our  ascending  beyond  the  sphere  of  the  earth*s 
inagnetioal  vapour,  I  answer.  1.  It  is  not,  perhaps,  impoesibis 
that  a  man  may  be  able  to  fly  by  the  applicatioa  of  wiqgs  to 
Us  .'own  body ;  as  angels  are  xuctured,  and  as  Mercm-y  aiul 
psedalus  are  fained ;  and  as  hath  been  attempted  by  divers^ 

Sarticularly  by  a  Turk  in  Constantinople,  as  BusbequiuS  re* 
ites.  S.  If  there  be  sneh  a  great  ruck  in  Madagasoav,  at 
Marcos  Polus  the  Venetian  mentions,  the  fearers  ia  iiritMNia 
^viaga  are  twelve  feet  l(N»g,  which  csn  scoops  up  a  hprae  and 
his  rider,  or  an  elephant,  as  onr  kites  doe  a  mouse ;  why  thai 
it  is  but  teaohing  one  of  ttiese  to  carry  a  man,  and  he  nay  ride 
up  thither  as  Oapymede  does  apops  aa  eagle.  8.  Ot  if  neithar 
of  these  ways  whI  serve,  yet  I  d^  seriously,  and  upon  ffoo4 
grounds,  affirm  it  possible,  to  make  a  flying  chariot,  la  whic|^ 
a  man  may  sit  and  give  sueh  a  motion  unto  it  as  shall  convey 
Mm  through  the  air;  and  tliis,  perhaps,  might  be  made  lai^ 
enough  to  carry  divers  men  at  the  same  time,  logother  wi^ 
food  for  their  viaticmh  and  cpmmc^ties  fox  tramqne^  It  is 
not  the  bigness  of  any  thing  in  this  kind  that  can  ninder  its 
motion,  if  the  motive  taoultv  be  aaenverable  thereunto.  Wb 
aee  a  great  ship  swi«-as  wejU  as  a  small  oack  i  and  aa  eaalo 
flies  in  the  air  as  well  as  a  little  raat  Tlxis  engine  may  liB 
contrived  from  the  same  principle  Dy  which  Archy tas  made  a 
wooden  dove,  and  Regio  Montanus  a  wooden  eagle.  I  cou- 
oeive  it  wera  no  dlfficnlt  aisittar,  jf  a  man  had  leisture,  to  shdW 
mora  particalarly  the  n^eanaoiroompoaiag  it*  The  perCeotiM: 
of  such  an  invention  would  be  of  such  ezQcUent  use,  that  (t 
were  enough  to  make  a  ra^n,  bat  the  age  also  wherein  he 
lives ;  for,  oesides  the  strange  diaooTeries  taat  it  might  eeea- 


^tttfcefiy  and  AH  excellent  matheiiMiticiAi  tiiid  eip»« 
rifeneotBlitt>  mnd  one  ai  w«ll  i^n^  in  ttiechaoiiBm 
Md  new  philosophy,  of  which  ho  wai  at  gnsat  ft 
ptomdSPf,  BM  any  man  of  his  time/'  in  1648, 
flieiitioniDg  Cardan'n  idea,«  dewrihea  a&other  use 

sum  in  thitt  •tber  world,  it  woiUd  also  be  of  iiiooiiceiirBbIa 
advantage  for  traveUing  above  an^  other  conveyance  that  i« 
now  in  use ;  so  tnat,  taotwithstandinf  all  those  seembg  im« 
poMibilifcieft,  'ti«  likely  enongti  that  aere  may  b^  a  mean«  id- 
vtnted  of  jonmeiug  to  A»  moon ;  •ad  how  hafipy  ihaU  they 
V0  that  are  fint  saoacwfol  in  the  attempt/* 

•«  Might  not  a  ♦high  pressure'  be  applied  with  advantage 
to  move  wings  as  large  as  those  of  the  •  acIcb,'  or  the  *  ehariot.* 
The  engineer  might,  probably,  find  a  eoraer  that  woteld  do 
for  a  ctfo/'fUttum,  near  some  of  the  *  eastlee.* " 

•  In  addition  to  the  uses  of  the  smoke-jack  .enumerated  by  Oaiw 
dan,  the  bishop  tnentions**  chiming  of  mUs,  or  other  musical  de- 
vices ;  and  there  eannot  be  ftny  more  pleasant  contrivance  for 
ooaianaal  and  ehiap  musio  s  it  may  be  uaefol  alao  for  the  twHng 
tflfomi  the  rocking  a  cradle,  with  diven  like  domestie  ooc»< 
8i6n8.**    Math.  Mag.  p.  86. 

hi  tJie  book^  otiltfating  bilildihgs,  the  Mt  atiplioation  0  f 
•team  to  thin  nse  ie  ascribed  to  a  Colonel  WlUiam  Cook  ill 
1740.  fi«t  in  a  postbunoua  work  of  Air  Hugh  Platte^  pub- 
lished in  16(>0,  it  i»  suggested  aa  a  mode  of  heating  a 
conservatory :  **  and  for  the  keeping  of  any  ftowers  or  plants 
abroad,  as  aim  of  those  seeds  thus  sowed  wlliiin  doors,  or 
mf  other  pots  of  flowers  or  dwaiC^reet  in  » tanpemte  hea^ 
with  smaU^rga  yon  may  pei^oraa  the  same^.ly  hanging 
a  cover  of  an,  or  other  roetalj,  over  the  vessel  whereim 
i^u  boil  your  beef,  or  drive  your  buck,  which  having  a  pipe  in 
the  top,  aitd  being  made  In  the  fashion  of  a  funnel,  iftay  bo 
ooaveyed  into  what  place  of  foUtr  orchard  or  garden  yoo  diaU 
think,  meet;,  which  room,  if  it  were  so  made  ae  Uiat  at  your 

Sleasure  it  may  become  either  close  or  open,  you  may  Keep  it 
i  tlMS  nature  of  a  stoire  in  the  ni^ht  season,  or  in  any  otnef 
ooid  weather,  and  in  the  summer  time  you  may  use  the  benefit 
of  the  sunbeams  to  comfort  and  cherish  your  plants  and  seeds  i 
nd  this  way,  if  K  be  not  deceived,  you  may  hate  both  oraages* 
lomoiis,  pomegranates^  vefl,  peradventure,  ooloquintida,  and 
Mpper  trees,  and  soehlike.  The  sides  of  this  room,  if  yoa 
thmk  |DOd,  may  be  plastered,  and  the  top  thereof  may  be 
eoverea  with  seme  ett-ained  canvas  to  taxe  away  at  your 
nltaenre.  Quere  if  Ifrbe  Ae  best  to  let  the  pipe  of  lead  to 
nraatke  out  ai  th«  end  oaely,  tr  also  al  4ii»n  maU  veatt 
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to  which  the  liaUan  steam-wheel  coald  be  applied 
with  advantage.  **  The  oelipiletf/'  nys  the  bi- 
shopf  "  are  concave  vessels,  coDsisting  of  some 
such  material  as  may  endure  the  fite,  having  a 
small  hole  at  which  they  are  filled  with  water, 
and  out  of  which,  when  they  are  heated,  the  air 
doth  issue  with'a  strong  and  lasting  violence,  are 
frequently  used  for  exciting  and  contracting  of 
beat  in  the  melting  of  glasses  and  metals;  they 
may  also  be  contrived  for  sundry  other  pleasant 
uses,  as  for  the  moving  of  sails  in  a  chimney- 
corner,  the  motion  of  which  may  be  applied  to 
the  moving  of  spits  or  the  like." 

The  idea  broached  so  ingeniously  by  Porta, 
did  not  escape  the  research  of  the  laborious 
Kircher,  a  Jesuit,  celebrated  for  his  profound  re- 
verence for  antiquity,  and  who  taught  philosophy 
with  applause  at  Rome.  But  minghng  the  greatest 
prejudices  of  his  age  ivith  valuable  facts  and 
sagacious  inference,  the  air  of  trifling  which  was 
given  by  this  means  to  otherwise  meritorious  dis- 
cussion and  research,  impressed  his  own  works 
with  a  premature  old  age  :  even  in  his  lifetime, 
his  immense  folios  had  nearly  become  obsolete  ; 
and  now  when  they  are  alluded  to,  it  is  -more 
from  the  circumstance  of  his  literary  voracity 
being  discovered  to  have  preserved  something 
which  was  either  thought  to  have  been  lost,  or 
which  was  not  known  had  been  in  existence. 
From  one  of  his  gorged  and  neglected  volumes  a 

which  may  be  made  in  that  part  of  the  pipe  which  passeth 
along  the  stoye.  I  feer  that  this  is  bnt  a  meer  conceit,  be- 
cause the  steam  of  water  will  not  extend  far;  but  if  the  cover 
to  your  pot  be  of  metal,  and  made  so  close  that  no  air  can 
breathe  out,  saving  at  the  pipe,  which  is  soldered  or  well 
elosed  in  some  part  of  the  cover,  then  it  seemeth  probable 
that  this  cover  mav  be  put  on  aCter  the  pot  is  scummed." 
p.  19.   Qarien  qfJBden.  1660. 
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beantifol  experiment  n  drawn  forth,  in  wliieli  he 
appliei,  in  a  direct  and  masterly  manner,  the 
power  of  steam  to  raise  water.  In  this  particular 
instance,  too,  the  evidence  is  complete,  of  his 
having  applied  the  speculation  to  practice.  The 
model  he  describes  in  1656,  in  terms  of  admira« 
tion,  was  stated  by  Bonnani,  many  years  after  his 
death,  as  existing  in  the  museum  which  Kircher 
had  collected.* 

A  boiler,  a,  (fig.  A,)  containing  water,  is  con- 
nected by  a  pipe,  c,  with  another  vessel,  e;  from 
this  vessel,  which  is  well  closed,  another  pipe,  o, 
rises  into  the  atmosphere.  The  fire  being  kin- 
dled under  the  lower  vessel,  containing  wateT'. 
steam  issues  from  the  pipe,  and,  filling  the  upper 
part  of  the  superior  vessel  or  cistern,  its  expan-* 
sion  forces  the  water  it  also  contains  up  the  pipe 
into  the  atmosphere.  The  scheme  in  Branca'a 
book  also  receives  a  farther  extension.  Branca 
employed  one  head  to  vomit  forth  the  steam; 

*  Kircber  employed  a  mechanic,  called  George  de  Sepi,  to 
constrnct  his  models.  Sepi  printed  a  catalog^ne,  at  Amster- 
dam, of  his  master's  museum.    Moreri,  vol.  iv.  p.  SO. 

**Ut  his  elementorum  magnetismus,  mag^s  mansq^ue  pa> 
teat  cam  artificiosis,  machinis  demonstrandum  duxi,^  qu» 
quidem  machinsa  quintuplici  ratione  instituenda  sunt,  ita  ut 
alt»  despulsiva  qusedam  attractiva  nonnullae  rarefactiva  all- 
flon  condenaatiya  caetem  compressi  aSris  violentia  opera- 
tiones  toas  instituant,  quas  qui  movent  quaslibet  sibi  mge- 
niosaa  machinas  ad  exemplar  natura  fabricatas  conficiet, 
cum  nulla  machina  hydraulica  aut  meteorolc^ca,  assignari 
possit,  quae  non  aUquaharam  facultatnm  instituatur,  atque  nt 
haac  omnia  clarius  innotescant  a  machina  depulsiya  vi  opa- 
rationes  suas  perficiente  inchoabimus.**  The  action  of  the 
steam  on  the  water  in  the  ui)per  vase  is  correctiy  described : 
**  yerum  Alio  jam  liquore  stationem  yasis  occupante  in  intole- 
rabiles  anrnstias  rraactus  aliisque  identidem  rarefactis  par- 
tibos  sttbtuior  es  subtilior  faetns  gravum  init  cum  aqualuo* 
tam,  aut  icitur  vas  mmpatur  aut  acjua  cedat  recesse  est.** 
p.  413.  Magnet  nw  ie  Arte  Magnetiea,   ColoniiB.   1613. 
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Kittlwr  gKnOr.  incMMad  iti  aSetH,  br  emfilo];- 
Uig  two ;  sad  if  BiMpa'a  wai  piolureaqae,  40  la 
Kircliei'i. 

The  Die  made  oT  iteam  ttam  iplipilei  bjr  Branca, 
Wjikins,  sod  Kireher,  will  eicnie  a  brief  Dotice 
of  the  bet  of  Ibeir  beinj:  omplojred  in  England  in 
lerr  shIt  limes  lo  eicite  the  haat  of  a  tm-  Dr. 
Plot,  in  hi*  account  '.ot  Staffordshire,  deicribes  a 
muDOTial  cuilom,  nhich  be  euppaaei  bad  con' 
tinum)  from  ihe  age  of  GodivB,  the  famouiwife 
of  licofric,  Eail  of  Mercia.  "  Jack  of  llilloD," 
Mjs  tbe  doBtot,  "  a  little  hallow  imnge  of  brasa, 
about  twelve  iochea  bigb,  with  his  right  band  on 
his  head,  and  hii  left  od  pego,"  blows  the  Are  in 
UIItoD-'ba)]  even  new  jreai'a  daj',  while  the  lord 
of  KssinftOD  drives  a  goote  three  timei  round 
it,  before  it  U  to  be  roasted  and  eaten  by  the 
lord  of  Hilton,  "or  his  deputy  j"  and  in  15S4, 
Sir  Hugh  Plane  gave  a  good  O^ure  of  a  "  rounde 
ball  of  copper,  or  latton,  tb^t  blows  tbe  fjre  verie 
'■^nglie,  d;  the  atteuualion  of  water  into  ajie." 


CHAPTER  SECOND. 
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**If  KVSET  TBINQ  WBICB  VX  CANKOT  COMFRKREKD  IS 
TO  BX  CALLED  AM  IMPOSSIBILITT,  HOW  MANY  ABB  DAILY 
PBXSBBTBD  TO  OUB  BVXS  }  AMD  IH  CONTEMNINCF  AS  FALSX 
THAT  WHIC6  WX  CONSIDKB  TO  BX  IMPOSSIBLK,  HAY  WX 
HOT    BX    DXPBXCIATIHd    A    OIAKT'S    KTFOBT    TO    OXVX    AN 

XMPOBTANGi  TO  OUB  owK  wxAKVXss  }"'^Montttigne, 


Tbe  realities  of  the  Maiqness  of  Worcestei^s 
life  have  all  the  air  of  a  romance.  At  the  pe- 
riod of  his  birth  in  Ragtoad  caatle^  his  faoiiily 
was  considered  to  be  the  most  wealthy  aiaon^  the 
Dobilityi  aad  not  inferior  to  any  of  its  teuak,  in 
ancient  chiralric  and  honourable  lineage.  Hisfa- 
ther^  the  fifth  earl  of  Worcester,*  took  an  aetive  pat t 
with  the  caraliers  in  the  civil  war ;  and  when  King 
Charles  appealed  to  the  sword,  the  marquess 
(then  Lord  Herbert)  was  intrusted  with  the  com- 
mand of  a  laige  body  of  soldters.t  mostly  raised  in 
his  native  county,  and  the  adnerents  of  his  fa- 
mily. After  ^the  surprise  and  capture  of  Mon- 
mouth by  tbe'parHamentary  army.  Lord  Herbert, 
by  a  prompt  and  sudden  movement,  contrived,  un- 

^  "  A  worthy  and  disinterested  man,  'Cving  with  credit 
and  character  at  his  casCle  of  Ratfland,  during  the  peaceable 
part  of  King  Charles's  reign,  Atd  defending  it  for  him  till  the 
very  conclusion  of  the  war  at  his  own  expense,  it  being  the 
last  garrison  that  surrendered.  The  marquess,  the  richest  of 
the  peers,  spent  Ms  fortune  in  the  canse,  and  died  a  prisoner 
soon  after  the  demolition  of  his  castle ;  the  ai'ticles  oi  capitu- 
lation having  been  violated.'*  Walpole,  Royal  and  Noble 
Authors^  ToL  i.  p.  376, 

f  Fifteen  hundred  foot  and  fite  hundrcfd  hcvse.  It  oost  the 
Tharquess  about  60,000/.,  but  being  qtdckly  antiihilat^,  pto- 
daisea  no  effsct.   C9»'i  four  in  MonmotOfh  P*  Stl6. 
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perceived  by  his  opponents,  to  lodge  a  squadron, 
'with  which  he  was  detached  fiom  Ragland,  be- 
hind a  rising  ground  in  the  vicinity  of  the  pro- 
vincial capital  J  at  the  head  of  a  small  party  of 
volunteers,  he  scaled  a  redoubt,  passed  the  ditch, 
put  the  guard  to  death,  and  thus  forcing  a  way 
for  his  cavalry,  who  at  that  instant  joined  him,  lie 
dashed  sword  in  hand  into  the  town,  and  made 
the  garrison  prisoners.  This  daring  achievement 
established  his  reputation  for  courage  and  enter- 
prise. 

Receiving  the  title  of  Earl  of  Glamorgan, 
he  was  soon  afterwards  sent  into  Ireland ;  but 
here  his  natural  impetuosity  hurried  him  into 
positions,  which  were]  not  considered  favbunble 
to  the  cause  of  the  kingj  nor  to  his  own  honour.* 
The  share  he  had  in  the  negotiation  to  bring  over 
a  body  of  Irish,  being  artfully  exaggerated  by  his 
enemies,  the  popubir  feeling  set  so  strongly 
against  him,  that  he  found  it  prudent  to  seek 
safety  from  its  virulence,  by  crossing  the  sea. 

*  Lord  Glamor^aii'B  own  feeling  of  the  part  he  SfBted  in 
this  tranaaction  will  best  appear  from  one  of  his  letters,  writ- 
ten when  he  was  in  Doblin  castle,  to  his  wife,  a  daughter  of 

O'Brien,  Earl  of  Thomond. 

**  My  dear  Heart,— When  I  consider  thee  a  womaoy  I  feare, 

.  least  you  'should  be  apprehensive ;  bat  when  I  reflect,  that  you 
are  of  the  house  of  Thomond,  and  that  you  were  once  pleased 
to  say  these  words  unto  me,  that  I  should  neyer  in  tendemesse 
of  you  desist  from  doing,  what  in  honour  I  was  obliged  to 
doe,  I  ifrow  confident,  that  .in  this,  you  will  now  show  your 
magnanimity,  and  by  it  the  greatest  testimony  of  affection 
that  you  can  possibly  afford  me.  I  need  not  tell  you  how  cleare 
J  am,  and  ymde  of  feare ;  the  onelv  effect  of  a  gpod  conscience ; 
and  that  I  am  guilty,  of  nothing  tnat  may  testifie  one  thought 
of  disloyalty  to  his  majestie,  or  of  what  may  stain  the  honour 
of  the  family  I  come  of,  or  set  a  brand  upon  my  fature  poste- 

.  ritie.  Ck)uragel  (Mr  Heart,)  were  I  among  the  king's 
enemies,  you  mi«;ht  feare,  but  being  onely  a  prisoner  among 
his  friends  and  raithfuU  subjects,  you  need  doubt  of  nothing, 
but  that  (his  doud  will  be  soon  ^i^ated  by  the  sunslune  of 
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To  fill  up  the  cop  of  his  mUfortmie,  Ragland 
caatle  was  besieged ;  and,  after  beings  defended 
by  his  fieither  with  the  courage  of  an  old  Roman>* 
it  surrendered  at  last  upon  honourable  conditions ; 
these^  however,  were  perfidiously  broken,  and  the 
yenerable  nobleman  survived  the  catastrophe  but 
a  few  months.  The  ruin  of  the  family  now  seemed 
conplete^  the  seat  of  its  splendour  was  de- 
stroyed; its  majestic  woods  were  consigned  to 
the  axe,  and  sold;  its  domain  was  alienated  ;t 
and  its  chief  was  an  exile. 

the  king  my  master.**  The  sacrifiee  that  Lord  Wonsester 
willingly  made  of  himself  to  sare  the  appearances  of  hononr 
in  his  temporising  master,  was  well  understood  at  the 
time  by  both  parties.  "  Letters  from  the  west  inform  us  that 
one  Captain  Patricke  AUin,  with  one-and- twenty  more,  all 
natural  Irish,  in  a  frigot,  put  in  at  Padstow,  in  Cornwall, 
little  thinking  it  to  be  in  the  parliament's  power,  with  letters 
to  the  Prince  and  Uopeton,  from  the  Earleof  Glamorgan, 
which  letters,  together  with  the  frigot  and  men,  were  seized 
on  by  the  country  people  with  the  help  of  some  of  our  soldiers : 
the  men  all  slain  but  two,  who  were  carried  before  his  excel- 
lency Sir  Thomas  Fairfax,  and  examined:  much  is  discovered 
of  the  jugglings  between  the  King,  Ormonde,  Digby,  and 
'  Gltunorgan,  who  was  so  iptdomly  accuud  and  committed  for 
hi*  exceedB^  and  abusing  of  his  majesties  authority,  in  con- 
tracting with  the  Irish,  contrary  to  his  majesties  mtention, 
as  lately  br  a  letter  his  majesty  publicly  declared;  this, 
Dotwithstanaiiw,  Glamorgan  is  em[^oyed  to  bring  over  the 
Irish.**  ;ree% /•te//ty<nic«r,  Tuesday,  March  10, 1646.  ;*I 
have  often  heard  of  his  majesties  hocus  pocus,  but  that  a  king 
should  prove  a  hocus  pocus  himself,  and  cast  a  mist  before  the 
eyes  of^his  people,  is  such  a  wonder  as  mn«h  to  exceed  our 
comprehension  and  belief.'*  ifcrcan'iu  Cttncnf,  March  11, 1646. 
*  **  The  summons,"  (^to  surrender,)  says  the  mart^uess  in  aa- 
■  swer  to  it,  **  makes  it  too  evident  tliat  it  is  desired  that  I 
shcNild  die  under  a  hedge  like  a  beggar ;  have  no  house  left 
to  put  my  head  unto,  nor  means  left  to  find  me  bread ;  where- 
fore, to  give  you  answer,  I  make  choice  (if  it  so  ^ease  God) 
rather  to  die  nobly,  than  live  with  infamy.'*  Rushworth, 

p.  aii. 

t  **  Thirty-aeven  thovsand  cords  of  wood  were  cut  down.  The 
lead  was  sold  at  Bristol  for  6,000/."  In  the  same  book  is  a 
list  Af  t^  )p»rq««M's  homttholds  sad  the  author  obferrw. 
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thifii^  ttffi  fesdfetidaiMjy  of  llw  p«fliitt€ftl,  file 
iriaiqaess  resided  abtoad  •  When  Bgai«f,  iii  ad 
unfortunate  hcmr^  aocepliftg  ri  commiMioii  froHi 
the  king,  he  proceeded  to  LoiwJDn  oil  rfome  iecret 
purpose;  being  there  qtiicWy  riecogtiifled,  he  was 
committed  (in  1656)  a  close  ptisottet  to  theT0#ef. 
Here  his  necessities  were  liiatiy  and  great  ;t  :bUt 
here,  according  to  a  tradition,  his  attention  i*a»  ifst 
drawn  to  th«  amazing  force  of  steam,  by  (rt>«eryhi|g 
the  rising  of  the  Jid  of  a  Tessel  employed  m  a  ctili- 
nary  operation  in  his  chamber;  and  from  this  cir- 
cumstance he  projected  that  machine,  which  has 
thrown  round  his  name  so  bright  a  radiance. 

The  return  of  the  'king  gave  the  matquesa  a 
home,  but  in  his  old  age  he  was  doomed  to  feel 
all  the  miseries  of  hope  deferred.  The  ear  of  his 
royal  master  was  closed  by  the  intrigues  of  en^ 
mies,  or  by  ingratitude ;  and  the  maft  who  had 
spent  the  fortune  of  a  prince  in  the  cause  of 
royalty,  was  left,  at  its  final  triumph,  nearly  in  a 

that  from  the  "  contamplatiwi  of  the  scene  of  aimost  regal 
■splendour  which  it  ejthibitSi  the  fortune  of  the  fiwt  noblem*i 
in  the  land,  at  the  present  day,  would  be  scarce  soffioieat  to 
ajHutain  the  houteMd  at  RagkMdJ'   Heath's  Bdgkmdt  180$. 

•  His  eon  enjoyed  the  f rieadslup  and  patronage  <^  Craai- 
well,  who  gave  him  a  pewsion  of  *,060/.  a  year.  The  pro- 
tector, however,  held,  by  a  arrant,  ar  large  partef  Ae  c«ifi«- 
cated  estate  of  the  father.  In  1638  he  was  created  Duke  ef 
Beaafort  by  Charles  II.  ^  .^^  , 

f  In  a  letU^  to  Colonel  Gopely,  dated  Marah,  16S6,  he  says, 
« I  hiiow  not  with  what  face  to  desire  ft  eartesy  from  yoa, 
stnde  I  h*ve  Aot  yet  payed  yoo  the  five  pounds,  and  flie 
maynebusinesse  so  Iwiff  protracted,  whereby  my  reaUtty  and 
kindnesse  shonld  with  thankfabiesse  appeare;  yet,  in  the  iA- 
ferim,  my  disappointments  are  soe  great,  as  t|x»t  I  am  foi««d 
to  berge,  if  yo«  could  poseibl^  «iftiu^  to.  help  m«  with  tetnie 

Sunds  to  this  bearer,  or  to  make  use  of  the  coach,  and  to  gee  to 
r.  Clerk,  and  if  he  could  this  da^  help  ms  to  fifty  pounds, 
-then  to  pay  yourself  the  five  pounds  I  owe  you  out  of  thesi. 
Th6  «ldemi«  has  talM  thr«e  dttyt  tiM  t«  MWdflt  of  it.'\ 
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BUte  of  ^kfltilHtioB/ opptesaed  with  debt,  mod 
without  reioiiieet. 

.  The  tsediam  oC  his  long  impriaoninent  was  be- 
etled by  mochaaioal  amosementa,  whfch,  it  is 
gathered  from  other  sources,  he  diligently  followed 
even  in  the  times  of  his  brightest  fortunes/  and  in 
aituations  apparently  the  most  unpropitious  for 
his  being  able  to  spare  the  necessary  leisure  and 
attention.  At  his  enlargement,  neither  the  dila- 
pidation of  his  fostuoe,  the  love  of  pleasure,  which 

*  **  At  the  begiBBiikg  of  tlie  lonf  psriismmt,  there  were  ttr- 
lain  rnstice  who  came  into  Raffhoia  castle  to  search  for  anni^ 
mj  lord  being  a  papist.  The  marquesse  met  them  at  the 
castle  gate,  and  desired  to  know  whether  they  had  come  to 
take  away  his  money,  seeing  they  intended  to  disarm  him. 
They  answered  bo»  and  alter  some  sharp  and  dnbions  words 
commg  from  the  marquesse,  they  were  at  last  willing  to  take 
his  word;  bat  the  marquesse  not  willing  to  part  with  them  on 
each  easie  terms,  haying  before  resolved  to  return  them  one 
fright  for  another.  Haying  carried  them  np  and  down  the 
castle,  he  at  length  brought  them  over  a  high  bridge,  that 
arched  over  the  moat,  that  was  between  the  castle  and  the 
great  tower,  wherein  the  L&rd  Herbert  had  lately  contrived 
cerfm'li  leoler- teorftx,  wAicA,  when  the  several  endinet  and 
wheeh  were  aet  agoing^  vmeh  imamtitp  of  water  through  the 
ioUow  cimoeganeeM  of  the  aquoMctt,  teas  to  he  let  down  from 
the  top  of  an  high  tower.  Upon  the  first  entrance  of  these 
wonderful  asinegoes,  the  marquesse  had  ffiven  orders  that 
these  eatatrhafOts  should  begin  to  fall,  w»ich  made  such  a 
heideoua  and  fearful  notse»  by  reason  of  the  hoUowaesse  of  the 
tower,  and  the  neighbouring  echoes  of  the  castle,  and  the 
waters  that  were  roth  between  and  around  them,  that  there 
waa  such  a  Toaring«  as  if  the  mouth  of  hell  had  been  wide 
open,  and  all  the  devils  had  been  eoaiured  up,  that  the  poore 
siUy  men  stood  so  amaaed,  as  if  they  had  been  half  dead,  and 
yet  they  saw  nothinfl".  At  last,  as  the  plot  was  laid,  up  comes 
a  man,  staring  and  running,  crying  out  before  he  eame  at 
them,  **  Look  to  yoarselvea  my  masters,  for  the  lions  are  got 
loose  ;**  whereupon  the  searchers  save  us  such  a  loose,  that 
they  tumbled  so  over  one  another,  £»wn  the  stairs,  that  it  was 
thought  one  half  of  them  had  broken  their  necks,  never  look- 
ing behind  then  until  they  were  sure  they  had  got  out  of  eight 
pftheeastle."    Jpophthefm,  i^  8fH.    im* 
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W9M  liiiabgVi  implmtad  in  hiai^  ftor  hk  own  itU 
creasing  infirmities,  liad  any  elSsoi  in  datii]>iti(^ 
ibe  si^tir  of  his  enthaiiaim »  wbMi  oth«r  minds 
would  Save  «aiik  under  the  negleet  alid  distpeM 
of  his  situation^  his  appemcd  like  a  beam  of  thd 
palm-tree,  fabled  by  the  ancient  baftlders  to  spring 
upwards  against  its  load  with  an  eoeigyy  incteiiA* 
iog  as  the  burden  was  augmented^ 

The  desire  of  foelng  useful  to  his  cOuntry^in  th4 
way  which  his  experience  pointed  out  was  of  all 
others  the  most  effective^  gained  strength  as  his 
offers  of  service  were  rejected*  Yet  he  isoKeited 
but  for  that  cheapest  of  all  ^atronage^  the  c!oonte« 
nance  only  of  men  in  power,  to  ensure  a  fair  trial 
for  his  inventions :  for  notwithstanding  his  deep 
embarrassments^  sO  sanguine  was  he  of  the  prac- 
tical value  of  his  projects,  that  he  offered  td 
make  all  the  experiments  at  his  own  expense. 
The  passage  is  curious.  '*  Be  pleased/*  bd 
toys  to  parliament!  '^to  make  use  of  me  and 
my  endeavours,  to  enrich  them  not  myself;  such 
being  my  onely  [request  unto  you,  spare  ma 
not,  in  what  your  wisdoms  shall  find  me  useful, 
who  do  esteem  hiyself,  not  onely  by  the  cuit 
of  the  water  -  commanding  engine  (which  so 
chearfuUy  you  hate  past)  sufficiently  rewarded^ 
but  likewise  with  courage  to  do  ten  times  more 
for  the  future ;  and  my  debts  being  paid.  And  a 
•competency  to  live  according  to  my  birth  and 
quality  settled^  the  rest  I  sliall  dedicate  to  the 
service  of  our  king  and  couiitrey  by  your  dis- 
posals ;  and  esteem  me  not  the  more,  or  rather 
any  more,  by  what  is  past^  but  what's  to  eome  $ 
professing  really  from  my  heart  that  my  inteh* 
tions  are  to  outgo  the  six  or  seven  hundred  thou- 
sand pounds  already  sacrificed,  if  countenanced 
and  encouraged  by  you ;  ingenaously  oonfessing 
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thftt  tl|e  melaBefaoly  wbieh  hath  lately  seised 
upon  me  (the  cenee  whereof  none  of  yov  but 
may  easily  guess)  hath^  I  dare  say,  retarded  more 
advantage  to  the  public  service  than  modesty  will 
permit  me  to  ntter.  And,  now  revived  by  yoaf 
piomising  fiivours,  I  shall  infallibly  be  enabled' 
thereunto,  in  the  experiments  extant  and  com- 
prised nnder  these  heads,  practicable  with  my 
directions,  by  the  nnpamlleled  workman  Caspar 
Kaltoff^s  hand,  wh9  hath  been*  these  five-and- 
thirty  years  as  in  a  school  under  me  employed, 
and  still  at  my  disposal,  in  a  plaoe  by  my  great 
expenses  made  fit  for  public  service,  yet  lately 
like  to  be  taken  from  me,  and  consequently  from 
the  service  of  king  and  kingdom,  without  the  least 
regard  of  above  ten  thousand  pounds  expended  by 
me,  and  through  my  zele  to  the  common  good." 

The  book  to  which  he  alludes  as  containing 
the  *'  heads*'  of  his  experiments,  was  published 
in  1668,  under  the  title  of  **  A  century  of  the 
names  and  scantlings  of  such  inventions,  as  at 
present  I  can  call  to  mind  to  have  tried  and  per- 
fected, which,  my  former  notes  being  lost,  I  have, 
at  the  instance  of  a  powerful  friend,  endeavoured, 
now  in  the  year  1655,  to  set  down  in  such  a  way, 
as  may  sufficiently  instruct  me  to  put  any  of  them 
in  practice." 

The  novelty  of  the  greater  number  of  the  hun- 
dred propositions  or  descriptions  of  which  this 
volume  consists,  and  the  wonderful  nature  of 
others,  cast  an  air  of  improbability  over  the 
whole  :  the  noble  author  was  charged  with  de- 
scribing many  things  which  he  wished  were  in- 
vented, rather  than  machines  which  he  had  actually 
constrtlcted.  And  even  those  who  have  been 
warmest  in  praise  of  his  genius,  and  have  spokeik 
in'favouiable  tems  of  some  of  bis  ^*  scantlings,*^ 
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hatr6  foidid  it  nttenaxj  to  enter  their  protest 
agttinat  otheni^  in  order  to  -save  their  own  con* 
littency.* 

{ei  this  collection  of  descriptions  •bears  inter- 
nal marks  of  being  what  it  processes  to  be,  drawn 
up  from  actual  trials  of  machines  in  existence. 
On  an  attentive  examination  of  the  general  scope 
of  his  inventions,  they  will  appear  to  have  been 
suggested,  the  greater  number,  by  the  wants  of 
his  accidental  situation  ;  and  a  small  number  by 
those  of  his  station.  To  a  statesman  employed 
in  highly  confidential  naegotiations,  the  secrecy 
of  his  correspondence  would  be  of  the  greatest 
importance ;  to  a  tmveller  the  security  of  his 
locks;    a    soldier   is    mainly  interested  in   his 

*  Whatever  eredit  may  be  attached  to  his  assoranoAs  of 
having  carried  his  contrivances  into  practice,  and  b^  which 
he  soaght  to  gain  nothing,  it  is  certain  that  there  is  no  instance 
in  English  history  of  such  unbounded  confidence  being  placed 
in  the  honour  of  any  individual,  as  was  placed  in  the  marquess 
h^  those  who  knew  him  well,  and  had  observed  him  long  ia 
circumstances  that  mankind  generally  consider  to  be  un- 
favourable to  disinterestedness;  every  thing  appeared  to 
tempt  his  vanity  as  well  as  try  his  integrity:  yet  on  these 
points  even  his  enemies  haye  been  silent.  Lord  Orford's 
statement  may  be  taken,  without  a  fear  of  its  being  partial  to 
the  marquess,  as  to  the  extent  of  this  confidence.  *M  t  is  certain 
that  he  and  his  father  wasted  immense  sums  in  the  king's 
cause,  of  all  which  merits  and  seal  his  majesty  was  so  sensible, 
that  he  gave  the  earl  the  most  extraordinary  patent  that  ever 
was  granted ;  the  chief  powers  of  which  were^  to  make  him 
generalissimo  of  three  armies,  and  admiral,  with  nomination 
of  his  officers ;  to  enable  him  to  raise  money  by  selling  of  his 
majesty's  woods,  wardships,  customs,  and  prerogatives ;  and  to 
create  by  blank  patents,  to  be  filled  up  at  Glamorgan's  plea- 
sure, from  the  rank  of  marquess  to  oaronet.  It  any  thing 
could  justify  the  delegation  of  such  authority,  besides  his 
majesty's  haying  lost  all  auUiority  when  he  conferred  it, 
it  was  the  promise  with  which  the  king  concluded,  ofJ)estow- 
ing  the  Princess  Elisabeth  on  Glamorgan's  son;  It  was  time 
to  adopt  him  into  his  family  when  he  had  into  his  sovereignty.** 
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af mt,  at  times  in  tcaliiig  a  Cortificatioiiy  or  trans- 
mitting  inteUigence  in  the  dark;  and  the  pro- 
jector of  a  water  -  company  could  not  fail  of 
laying  his  ingenuity  under  contribution^  to  de- 
vise a  mode  of  raising  water  above  its  level* 
These  classes  comprise  the  greater  part  of  his 
hundred  inventions ;  and  when  we  learn  that,  for 
so  long  a  period  as  thirty-fire  years,  he  employed 
an  expert  mechanic  in  his  various  projects,  it  is 
a  matter  of  wonder  that  his  inventions  were  not 
more  numerous.  And  in  fact,  he  says  that  they 
were  so  ;  for  he  observes,  **  that  he  has  omitted 
many,  and  some  of  three  sorts  not  willingly  set 
down,  lest  ill  be  made  thereof  ;^*  but  that  such 
things  were  actually  within  his  knowledge  is  quite 
clear,  for  he  promises  to  "  set  them  down  in  his 
own  cipher,  not  to  be  concealed  when  duty  or 
affection  obliges  him."  It  is  also  very  generally 
admitted,  that  not  a  few  of  his  improbable  things 
are  trifles,  while  others  usually  conceded  to  him 
as  conveying  clear  notions,  are  decidedly  ma- 
chines of  importance ;  and  all  are  agreed,  that 
since  his  book  was  published,  many  similar  con- 
trivances have  been  put  in  practice. 

There  is  nothing  therefore  preposterous  in  the 
opinion,  that  cUl  the  inventions  described  in  the 
''  Century,"  had  been  put  by  the  noble  mechanic  to 
the  test  of  experiment.  Of  one,  which  is  the  sub- 
ject of  the  sixty^ighth  proposition,  we  have  for- 
tunately very  conclusive  evidence  of  its  having 
been  actually  erected,  and  this  may  be 'considered 
as  that  one  the  most  obscurely  hinted  at,  and  de- 
scribed as  capable  of  the  most  improbable  per- 
formance of  all  his  inventions.  The  announcement 
is  as  follows : — 

'  An  admirable  and  most  forcible  way  to  drive 
up  water  hy  fire,  not  drawing  or  sucking  it  up* 
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waidi  for  thai  must  tie  As  the  phfloflopher  cftflettr 
it,  infra  ipfuBram  aetknlaiit,  vhi*h  is  but  at 
such  a  distance,  but  this  way  hath  no  boander,if  the 
vessels  be  strong  enough;  for  I  have  taken  a 
piece  of  a  whole  cannon,  whereof  the  end  was 
burst,  and  filled  it  three-quarters  full,  stopping 
and  screwing  up  the  broken  end,,  as  also  the 
touch-hole,  and  making  a  constant  fire  under  it ; 
within  twenty-four  hours  it  burst,  and  made  a 
great  crack,  so  that  having  found  a  way  to  make 
my  vessels  so  that  they  are  strengthened  by  the 
force  within  them,  and  the  one  to  fill  after  the 
other,  have  seen  the  water  run  like  a  constant 
fountain  forty  feet  high  ;  one  vessel  of  wateif 
rarefied  by  fire  driveth  up  forty  of  cold  water ; 
and  a  man  that  attends  the  woik,  is  but  to  turrt 
two  cocks,  that  one  vessel  of  water  being  con- 
sumed, another  begins  to  force  and  refill  ^yithcold 
water,  and  so  successively."* 

This  description,  although  obscure,  would  give 
a  mechanic  a  pretty  clear  notion  of  the  rationale 
of  this  machine ;  yet  that  might  be  a  rude  con- 
trivance compared  with  a  modern  steam-engine 
on  any  construction.  It  was  reserved,  however^ 
for  an  ingenious  correspondent  in  a  provincial 
periodical,!  to  point  out  the  connection  between 
this  description,  and  two  others,  forming  the' 
ninety-eighth  and  one  hundredth  propositions, 
and  thus  supplying  from  all  the  deficiencies  in 
each. 

*^  An  engine  so  contrived,  that  working  the 
primum  nwbile  forward  or  backward,  upward  or 
downward,  circularly  or  comer-wise,  io  [and  froi 
straight,  upright,  or  downright,  yet  the  pretended 
operation  continueth  and  advanceth,  none  of  (hd 

•  Century  of  Inventiopg,  p.  52.    Londoii,U663»  , 

t  COasgow  M«eh.Miff.  vol  ii.  p.  m.  -^    ■  -^ 


ftiolltes  ^>oye-«utotifmed  himisriiiff,  tavcb  Ims 
■  Btop|]ing>  tb6  other  ;'-biit  uoanimovsly  uid  wiih 
barmooy  ag^eein^,  they  all  augfinent  and  edain* 
bute  strength  \irxto  tte  intended  work  aad  ope-< 
latiofi  ;  and  therefore  I  call  this  a  seim^omnipoient 
enffine,  and  do  intend  thlit  a  model  thereof  bo 
buried  with  me/'* . 

^^  How  to  make  one  pound  weight  to  raise  an 
Irandied  as  high  as  one  pound  Culleth,  and  yet  the 
hundred  pound  deaoending,  doth  what  nothing 
less  than  one  himdred  pounds  can  effect." 

''  U^Km  so  potent  a  help  as  these  two  last-«men-» 
tioned  inventions^  a  waterwork  is^  by  many  years' 
experience  and  labour,  so  advantageously  by  rao 
aontrnred^  that  a  child's  force  bringeth  up,  an 
hundred  foot  high,    an    incredible  quantity  of 
water/ even  two  foot  diameter,  so  naturally^  that 
the  work  will  not  be  heaid  jnto  the  next  room  $ 
and  irith  so  great  ease  and  geometrical  syihrnetry, 
though  it  woife  day  and  night  from  one  end  of  the 
j'ear  to  the  other,  it  will  not  require  forty  shillings 
lepatation  to  the  whole  engine^  nor  hinder  one 
day's  work ;  and  I  may  boldly  call  it  the  most 
itupettduam  voark  itt  the  whole  world*  t  and  not 
•nely  ^witfa  little  charge  to  dmia  aU4K»Hs4>tmines^ 
and  furnish  cities  with  water,  though  never  so 
high  seated,  aa  well  as  to  keep  them  sweety  tuo- 
Iring  throu^  several  streets,  and  so  performing 
the  wotk  of  scavengers,  as  well  as  famishing  thb 
inhabitants  with  sufficient  water  for  their  private 
occasions;    but  likewise  supplying  rivers  with 
isttfiicient  to  mainfaine  and  make  them  portable 
from  towne  tp  towne,  and  for  the  bettering  of 
lands  all  the  way  it  runs.    With  many  more  ad- 
vantageous and  yet  greater  effects  of  prd^ts^  admi- 

f  Centory  of  IdTentiowi  p.  1(2, 
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mfoB,  and  conseqiieiice ;  wo  that,  de»»v«lfjr,  i 
deem  ihis  invenHon  to  crown  my  labours^  to  re^ 
wanf  ray  expeiiae8,and  make  my  thoughts  acquiese 
in  the  way  of  farther  inventions."* 

The  primum  mobUe  is  here,  evidently,  the  force 
of  steam,  that,  flow  in  whatever  direction  it  may,  is 
still  capable  of  exerting  the  same  mechanical 
power ;  and  the  movements,  however  numerous, 
can  be  made  not  to  interfere  with  each  other. 
The  fall  of  a  pound  weight  raising  a  hundred 
pounds  weight,  clearly  refers  to  a  mechaaism  like 
a  piston ;  one  weighing  a  pound,  attached  to  a 
lever,  would  raise  one  hundred  pounds  as  high  m 
one  pound  falleth ;  and  were  this  weight  of  water 
to  fall  on  a  water-wheel>  for  instance,  as  is  now 
often  practised,  'it  would  raise  a  quantity  very 
nearly  equal  to  its  own  weight,  and  to  the  same 
height  from  which  it  fell.  A  child's  force,  too, 
would  be  sufficient  to  turn  a  cock  of  even  a  large 
enghie;  and  the  small  noise  made  by  this  descrip^ 
tion  of  machinery,  and  its  working  day  and  night 
without  intermission,  or  impairing  its  power,  ara 
circumstancfes  in  the  use«f>f  the  machine  now 
familmr  to  every  person.  It  would  be  difficult 
to  give  a  ciniTvre  deicriptioB  of  the  action  of  • 

* 

*  *  The  Cenhms^'oflwentioMtpmied.  at  Ltmitm  tn  1<Mi3, 
Wis  reprinted  at  ijamdon  in  1746;  at  Ohi^aw  in  1767*  at 
JKyo»  iMMcathiret  1778,  with  a  short  historical  notice  ot  th^ 
steam-engine.  Another  reprint  i6  dated  London^  VJ86;  a 
sixth  Zotufon,  1813;  and  a  seventh^ixmdon,  1885.|r 
■  AtttheproblemieontameAiathe  ^  Century"  irere  printed 
ia  the  Gentleman's  Magaiine  for  1748,  witii  notes  pointing 
out  solutions  which  had  been  given  of  some  of  the  "  scant- 
lings.** This  is  an  iurenions  commentary.  The  definitions 
are  also  to  be  found  in  vol.  ii.  of  Oregorj^t  Mechtudes, 
31ie  second  volume  of  the  Mechanics*  Magaxtne  contains  by 
far  the  best  reprint  of  the  entire  treatise  that  has  appearea. 
In  this  will  be  found  the  variations  of  the  printed^copies 
from  the  MS.  ia  the  British  Museum,  "^ 
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Aeftiki^n^itie^  in^lieral  ternis^  witlioUt  a  Apedlal 
explali^ition  of  its  mmatiee  and  ptinciples.  Ill 
this  case,  however^  it  ohriously  wan  the  inteiitioii 
bt  Lord  Wofoester  to  conceal  both. 

"  That  he  did  not  carry  all  his  ideas  into  eiecu- 
tion,"  says  Mr.  Wallace^  *'  does  not  seem  to  have 
been  so  much  his  fault  as  that  of  the  age  m  vhich 
he  lived ;''  but  the  doubt  of  his  having  put  them 
into  practice  is  greatly  lessened,  by  considering 
his  perseverance,  and  his  means.  We  have  seen 
Ihat  for  thirty-five  years  he  employed  an  ingenioua 
mechanic,  under  his  own  eye :  these  must  hava 
been  spent  on  something  ;  and  why  not  on  those 
things  described  in  his  '*  Century  of  Inventions/' 
and  especially  on  his  machine  for  raising  water 
by  the  force  of  steam  ?  It  would  be  almost  im- 
possible to  describe  effects  so  clearly  as  he  has 
done»  without  actually  looking  at  a  machine  ia 
ftction* 

;  The  apparent  impossibility  of  some  of  his  pro- 
jects has  already  been  noticed,  as  affording  to 
jnany  a  reason  for  placing  but  a  small  value  oft 
the  entire  collection.  *'  To  raise  a  hundred 
pounds  weight,"  say  the  cavillers,  ''  as  high  as 
one  pound  falleth,  by  the  weight  of  that  pound 
•lone,  carries  absurdity  on  the  face  of  it."  And 
certainly  it  must  be  admitted,  that  a  literal  con- 
struction of  this  proposition  would  justify  all  th^ 
charges  which  have  been  made  to  the  prejudice 
of  its  author.  That  the  marquess,  however,  dkl 
not  propound  it  to  be  construed  so  literally  as  it 
has  been^  very  evidently  appears  Uom  an  acr 
count  of  his  inventions,  which  is  still  extant  in 
'manuscript^  but  which  has  hitherto  escaped  th^ 
notice  of  his  admirers  ^s  well  as  of  his  detractorf . 
The  siiiniiiaTy  iff  ooritained  in  two  sides  of  a  leaf 
of  post  paper ;  it  ijs  written  in  a  Oat  ancient  h8A<h 
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and  appears  to  have  been  copied  with  caie  feoni 
an  oiiginal  paper,  written  by  I^rd  Worcester; 
but  whether  before  or  after  the  date  of  the  pub- 
lication of  his  *' scantliDgs/'  there  is  now  ng 
means  of  ascertaining^.* 

*  **  iNVEvnoNa  OF  TE  Eabls  of  WoBcxanE. 

**  The  Quint  Kssence  of  motios,  or  a  colloetion  of  all  kinds 
of  moTements,  to  wit,  circular  to  and  fro ;  perpendicular  up- 
wards and  downwards  ;  side  motions  to  ye  i  ij^ht  and  left ; 
straight  motions  forwards  &  backwards,  with  a  circular  Vehi- 
-«ulum,  to  wch  any  of  these  may  bee  applicable  or  moveable  to 
all  ye  points  of  ye  compasse :  at  eacn  of  wch,  it  will  bee  as 
powerfol  as  if  it  were  first  to  one  place  or  Center. 

"All  and  every  of  these  by  hijrht  of  Art,  Industry,  &  Expe- 
rimt  working  ye  same  Individual!  &  Intrinsecall  effeet  without 
disturbance  to  ye  other ;  8t  yet  by  these  absolutdr  oontntry 
Motions  soe  performed,  most  strans[e  and  incredible  Kffecte 
may  bee  brought  to  passe  to  ye  Admiration  even  of  ye  great- 
est Mathematicians. 

■  **  The  knowledge  of  these  things,  renderin|^  all  things  as 
feasible  to  him,  yt  is  Master  of  this  Art,  as  it  is  to  msike  a 
circle  with  a  paire  of  Compassess,  or  a  straight  line  wth  a 
Square  or  Ruler.  They  beeing  a  direct  abstract  of  Arithme- 
tick,  contrived  by  mee.  And  by  ye  power  of  those  I  have  per- 
fected these  foUowing  CSonclusious,  wth  some  hundreds  besides, 
all  experienced  by  mee. 

"  1.  I  can  render  an  ordinary  "Watch,  wch  beeing  once  wound 
up,  will  goe  constantly  during  a  Man*s  life,  beeing  used  but 
once  in  lf4  houres,  &  (though  oftner  look't  on  Q  it  is  still  ye 
same,  and  thoagh  not  look't  on  for  a  weeke,  stiU  ye  same  if 
not  bruised. 

**  S.  By  this  I  can  make  a  Vessel  of  as  great  burtlien,  as  ye 
River  can  beare,  to  goe  art  ye  streame,  wch  ye  more  rapid 
'it  is,  ye  faster  it  shall  advance,  and  ye  moveable  part  yt 
workes  yt  may  be  by  one  man  still  guided  to  take  ye  best 
advantage  of  ye  streame,  &  yet  to  steer  the  boat  to  any  point. 
And  this  Engine  is  applicaole  to  any  VessteU  or  Boat  what- 
soever ;  without  being  tnerefore  made  on  purpose ;  and  work- 
•eth  these  effects.  It  roweth,  it  draweth,  it  driveth  (if  seed 
.bee)  to  passe  London-bridge  agt  ye  streame  at  low  water. 
And  a  boate  lying  at  Anchor,  the  Engine  may  be  used  for 
'loadingor  unloading. 

''  3.  By  this  I  can  make  an  Artifteia])  Bird  to  fly  wch  way  ft 
M  laag  as  I  please, 
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lathif  iateiesting.docmiieDt  (wbieh  is  fiveii 
ffiitrs  in  the  note)  the  inciedible  proposition  ii 
9tatedy  with  a  quaiifeaHon,  tbrovgh  which  evea 

**  4.  BjtiMse  I  eaa  make  a  ball  of  silrer  or  gold»  wch,  throwna 
iato  a  pale  <»poole  of  water,  shaU  rise  againe  to  ye  perfect 
koore  ot  asy  day  or  niglit.  The  tapcrfioee  of  ye  Water  slaail 
stUl  show  the  honre  dutinctly,  even  ye  minutes,  if  I  please. 

**5.  By  this  I  can  make  a  Childe  in  a  coach,  to  stop  J9 
horses  (mniBff  away)  and  shaU  be  able  to  secnre  hime,  &  those 
jt  be  in  re  Coach  having  a  little  Engine  placed  therein,  wch 
shall  not  bee  perceived  in  what  posture  soever  ye  horses  draw  : 
a  Childes  force  shall  bee  able  to  disengage  them  from  ovex- 
turning  ye  Coach  or  prejudicing  any  body  m  it. 

**fi.  By  these  I  can  make  one  pound  raise  an  hundred  as  high 
as  ve  one  pound  falls,  &  ye  one  pound  taken  off  ye  112  lb. 
shall  againe  descend  performing  ye  intire  effect  of  an  hun- 
dred waight;  (i.  e.")!  have  yt  force  wch  nothing  lesse  than 
lis  lb.  can  have  any  other  way.  An  incredible  effect  till 
•eene,  but  true  as  strange. 

**  7*  By  these  a  childe  shall  raise  as  mnch  water  100  fi^t  high 
(speaking  within  compasse)  as  6  horses  can  force  up  any 
other  way. 

**8.  By  these  I  can  stop  any  other  Man's  motim  and  render 
it  null,  since  from  any. point  of  ye  eompaase  1  can  foroeably 
and  effectually  cause  a  counterbuffe,  or  absolute  obstruction 
of  such  Motion,  wch  way  I  please.  ^  All  wayes  beeing  indif- 
ferent to  mee  to  worke  a  periect  resistance  &;  to  countermine 
their  Intratinns,  or  to  force  theire  Motums  a  cleane  contrary 
way. 

**  The  9  was  left  out  in  ye  original  copy. 

**  Soe  here  yn  have  9  figures  represented,  wch  in  Arithmetick 
make  all  numbers  imaginable,  soe  by  ye  helpe  of  these  Mc* 
tioDS  noe  Manufacture  but  may  be  demonstrated  exquisitely 
&  demonstrably  ic  with  great  ease  &  facility,  and  noe  C<mcln- 
uon  in  ye  Mathematicks  or  Mechanlcks,  out  may  by  these 
bee  brought  to  passe  in  great  perfection  &  to  admiration.  Yet 
«8  ye  most  exoellent  tooles  cannot  worke  alone,  nor  any 
Cymeter  is  soe  sharp  as  to  cut  without  an  arme  to  g^nide  it, 
so  without  Knowledge,  Art,  &  Ingmuitie,  these  are  fruitlesse  ; 
but  being  set  to  worK  by  one  of  noe  more  knowledge  then  my- 
aelfe  am  capable  off,  tney^  will  performe  wt  is  here  asserted 
fc  more  than  I  eould  write  from  one  end  of  ye  yeaie  to  the 
pthtt."  .    . 


5ft  Hioir^'maiftiiis  moitiB. 

the  moft  Mptidal  oMiy  «t  length  ''admits  ihM'  'it 
maf  truly  and  clearly  deiieribe  an  eiTeet  eailily  pro^ 
doced  by  a  well^Laowa  mechanieal  a^ent.  ^.*  1  oeA 
make/'  says  the  marquess  in  the  sixth  problem 
pf  this  summary}  "  one  pound  raise  an  iiundred 
as  high  as  the  one  pound  falls  j  and  the  chm 
pound  being*  taken  off^  the  hundred  and  twelve 
pounds  shall  again  descend^  performing  the  en- 
tire effect  of  an  hundred  weight  j — that  is,  1  hav« 
that  force  which  nothing  le$&  than  one  hundred  an4 
tvoelve  pounds  ecm  haioe  in  any  other  nbay,^^  And 
he  himself;  as  if  aware  of  its  apparent  difficultyi 
calls  it  "  an  incredible  effect  till  seen,  but  true  as 
strange."  It  may  be  borne  in  reraembrsace^ 
that  he  is  describing  some  of  the  effects  of  steam  ; 
and  by  these  the  riddle,  as  we  iiave  before  staled> 
can  easily  be  explained :  the  aolntion  shows  u«^ 
that  the  noble  inventor  may  hare  been  describ- 
ing tt  high-pressure  steam-engine,  whose  pistot^i 
weighing  a  pound,  and  aitachsd  to  one  end  of  a 
lever,  reuses  one  hundred  and  tweke  pownde  pkuced 
ai  the  other  extremity. 

.  From  this  passage  there  is  so  strong  groun<l 
tot  the  opini<M>,  that  he  was  aenuainted  with 
some  mode  of  elevating  a  piston  by  steam,  that 
we  should  hesitate  to  say,  that  Lord  Worcester,  in 
his  "  scantlings,'*  described  any  other  than  a  h^J^ 
pressure  lever  engine  ^  and  this  is  still  fartheir 
corroborated  by  the  same  hiteresting*  manuscript 
record,  where  this  extraordinary  man  announces 
another  contrivance^  which  could  only  be  practi* 
eahle  with  a  machine  in  this  form,  and  which  may 
almost  rival,  in  its  importance  to  mankind,  the 
invention  of  the  steam-engine  ilself. — "  By  it,"  says 
the  Dobl^  author,  ^-  i  can  make  a  vessel^  .dT  as 
reat  burden  as  the  river  can  bear^  t/o  go  against 
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ih«  stiesis^  which  the  tnore  impid  it  St,  the  faster 
it  shall  advance,  and  the  moTeable  part  that 
works  it,  may  be  by  one  man  still  guided  to 
take  advantu^  of  the  stream,  and  yet  to  sCeer  tbe 
boat  to  any  point ;  and  this  engine  is  applicable 
to  any  vessel  or  boat  whatsoever,  wttboot  being 
therefore  made  on  purpose,  and  worfceth  these 
elFectsi^-^  roweth,  U  drmoeih,  it  drwdh,  (if  need 
be,)  to  pass  Lpntibn  Bridge  against  the  stream  al 
low  water,  and  a  boat  laying  at  anchor,  the  engine 
may  be  used  for  loading  or  unloading*^  Thus 
thiA  master  spirit  enumerates  effects,  which  have 
been  generally  considered  as  first  produced  in 
our  times  by  the  application  of  steam  power 
to  navigation.  It  now  in  every  quarter  of  the 
globe  draweth|  roweth,  and  driveth,  magnificent 
vessels  j  but  it  yet  remains  to  supersede  by  its 
use  tbe  labour  of  men  in  loading  and  unloading 
ships  of  their  cargo,  as  suggested  by  Lord  Wor- 
cester. 

In  illustration  (for  some  panicular  purpose 
which  is  now  unknown)  of  the  powers  of  this 
^' water-connmanding  engine,''  its  inventor  printed 
what  he  entitled,  says  Walpole,  **  An  exact  and  true 
definition  of  the  most  stupenduous  water-commancf- 
ing  machine,  invented  by  the  right. honourable 
and  deservedly  to  be  pmised  and  admired,  Edward 
^merset.  Lord  Marquess  of  Worcester.***    This 

*  **  Most  GsAcxoirt  Sovsmxiair. 

**  His  Mm*  individvid  defimtioa  of  my  water  work,  which  I 
formerly  presumed  to  pu(  into  yoar  royal  hands,  I  Main  ad- 
veatore  to  preseat  to  your  majesty ;  praying  yonr  befief  of  it, 
••  yoar  majesty  riiau  And  it  trne,  oy  oomparin;  it  with  the 
real  dfect,  whieh,  if  foand  ponetnaUy  ^freemg ,  Tonehsafe  not 
then  to  be  apt  horeafter  to  lend  a  Mlieving  eare  to  snoh  per- 
sou,  as  malice  caoseth  to  detract  from,  or  ignorance  to  alight 
what  shaU  (thoofhaever  so  seemingly  strsnge)  be  averred  oy 


U  s  ttMemeiit  of  Iho  uacto  Of  his  ttTcfttioft, 
and  fonns  a  Hiin  qnaitd  of  twenly-two  pafes*  In 
tbe-  libmry  of  the  Briiiih  Museum  b  preserired  a 
lafge  ^eet,  (wltliottt  a  date,  alkd  printed  on  ono 
aide  oaly^)  which  appears  to  bare  been  circulated 
by  the  matquess^and  alto  to  have  bten  presented 
to  King  Charles. 

■  **  k  aiapenduoaa  wsteNcommanding  engine, 
boaadleis  for  height  and  quaalityi  requiring  aO 

pusy  who  will  never  t>e  coavinced  oi  afaUeliood  in.  word  or  deed 
fowards  your  sacred  mtijesty ;  before  whom  I  shall  ever  speatt, 
as  in  the  presence  of  Almighty  God,  whose  vicegerent  <m  earth 
I  Atfem  yon  >  and  to  yo«r  majesty'a  tnotsceiident  judgeoMnt  I 
f  ahffiit  alj^  and  will  presume  to  subicribc  myself. 

Sib,    Yomp  Mntei  nuMestie*  faithfylly    devoted,  oM 
passionately  ({Sheeted,  vsefvi,  ifcheruhed^  subject  and  servant, 

*'  WOBCJESTEB.** 

**A  eti^tendmus  fFnter-eommamdimg  JSn§iue,  koumdieu  far 
height  or  qnaniih/,  requiring  no  external,  nor  even  additional 
hetp^  or  force  t(y  be  set  6r  continued  in  tnotiort,  but  t^hat  intrin- 
secally  u  qjffbrded  from  its  own  operation,  nor  yet  the  twi^ 
tieth  pmrt  tHefk9ff  aad  Um  Engim  eonntUth  cf 'the following 
parHondari ;  •>« 

•  **  A  perfect  coonternohfe  for  what  quantity  soever  of  water. 
.  **  A  perfect  countervftil  f(Mr  what  height  soever  it  is  to  ha 
brought  unto. 

**A  priiman  inohile  CCftatAimShig  both  height  tad  qatatity 
Tegulatorwist. 

**  A  vacegermt  or  oon&terTail  supplving  &e  place,  and  per- 
forming the  full  force  of  a  man,  wind,  Deast,  or  mill.  . 

**  A  helm'or  stem,  with  Wtt  and  reins,  Whcrewitn  any  chzlde 
may  guide,  order,  and  control  the  whole  operati<ni. 

"  A  particul^  roa|[anDe  for  water^  aoeerding  to  the  in- 
tended quantity  or  height  of  water. 

'  "  An  aqaadact,  capable  of  any  intended  qoaBtity  or  height 
of  water. 

"A  pilaee  for  the  original  fomitain  or  even  river  to  ran  into, 
aad  naturally  of  its  ofrfL  accord  incorporate  itself  with  the 
rising  water,  and  at  the  tvnry  bottom  of  thd  said  aqaaduiyt, 
though  never  so  big  or  high.  By  Divine  PromdencB  «»d  hea- 
ifenltf  inniration,  this  is  my  stupendmus  fVater^ommndUiff 
jBnginct  boundless  for  heiyht  and  quantiUy, 
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^tenwl,  er  eves  additional,  help  ot^  force  to  he 
set,  or  even  continued  in  motion^  but  what  intrin** 
sically  is  afbrded  from  its  own  operation,  nor  yet 
the  twentieth 4)art  thereof ;  and  the  engine  con- 
sisteth  'in  the  following  particulars :— a  perfect 
ctmni&rpoise  for  what  quantity  soever  of  water ; 
a  perfect  eountervail  for  what  height  soever  It  Is 
to  be  brought  unto ;  a  primum  mobile,  command- 
ing both  height  and  quantity,  regulatorwise ;  a 
vicegerent,OT  countervail,  supplying  the  place,  and 
performing  the  full  force  of  man,  wind,  beast,  or 
mill.  A  helm,  or  stem,  with  bit  and  reins,  where- 
with any  child  may  guide,  order,  and  control  the 
whole  operation.  A  particular  magaeine  for 
water,  according  to  the  intended  quantity  or 
height  of  water.  An  aqueduct  capable  of  any  in- 
tended quantity  or  height  of  water.  A  place  for 
the  original  fountain  or  river  to  run  into,  and  w«- 
turally,  of  its  own  accord,  incorporate  itself  with 
the  rising  water,  and  at  the  very  bottom  of  the 
aqueduct,  though  never  so  big  or  high." 

Whoesoever  is  master  of  weiglit,  is  master  of  force, 
'Whoesoever  is  master  of  \rater,  is  master  of  both. 
And,  eonsequently,  to  him,  all  fbrc«al>le  aotiony  sad  atchieve^ 
TQisnU  sre  easie. 

£zegl  iiioiraip«ntQqi  flpre  perroiiiiu, 

Regallque  situ  pyramidnm  altius ; 
Quod  non  iraber  edax,  non  Aquilo  impotens. 
Possit  dtmere.  aut  inntimerabifis 
AanoTOBi  series,  et  fnga  teraporum. 
Non  omnis  morlar ;  multaque  pars  raei 
Vitabit  Libitinam.  •  ^         •^  Houac^. 

•  •  dam  stabit  Anglia. 

Re^er  obserre,  this  tells  tis  how  to  keep 
Oar  monvnf-  tiiotigfitB  awake  while  others  sleep  r 
*Ti8  art  and  nature's  product  ««M*d  by  seme ;  . 

«  Judge  4>f  it  by  t|i*  effects  ;  then  give  yonir  doom. 

']['q  Ood  al^e  be  all  prMi«|  )iQQO^r,  and  glory,  for  ever  a»4 
ever,    Amsn.        *  *  •    •*  Voecksteb." 
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.  Ev«ry  particular  in  thu  deicription  iHottfatea 
ibose  given  in  the  ^  Century.'*  The  elasticity  of 
the  steam  can  be  made  to  balance  any  quantity 
of  water ;  it  can  perform  what  any  other  first 
mover  can  perform^  and  can  be  guided  by  a  cock 
turned  even  by  a  child  \  the  magazine  of  water 
follows  as  a  matter  of  course ;  and  the  place  for 
the  original  fountain  .  to  run  into  may  have  been 
the  reservoir  in  which  part  of  his  mechanism 
was  placed,  or  from  which^  more  probably,  it  was 
conducted  into  the  machine.  Thisalso^evidently^ 
was  not  accomplished  by  what  he  called  suc- 
tion; for  he  expressly  observes^  that  it  did  not 
act  on  this  principle. 

The  two  attempts  which  have  been  made  to 
design  a  machine  from  the  descriptions  in  the 
''scantlings"  and  ''definition/'  have  proceeded 
on  the  opinioUj  that  the  water-commanding  en- 
gine was  constructed  wUhotU  a  piston.  An  ap- 
paratus similar  to  the  figure  1 1,  will  nearly 
fulfil  all  the  conditions  of  the  description  on 
this  principle,  without  introducing  parts  which 
are  universally  considered  to  belong  to  later  in- 
ventors. A  boiler,  se,  is  connected  to  two  recew" 
er8,  a,  b,  by  a  pipe,  s;  the  steam  is  admitted  or 
shut  off  by  a  cock,  e,  from  each  vessel  alternately ; 
and  by  i^pipe,  m,  containing  two  valves  opening  out- 
wards from  each  receiver,  they  are  connected  with 
the  rising  or  eduction  pipe,  i ;  another  pipe,  n,  u, 
connects  the  cistern  with  the  receivers,  and  the 
cock  at  n  interrupts  the  communication  between 
the  cistern  and  each  receiver  at  pleasure ;  by  a 
hole  in  each  receiver,  capable  of  being  closed  in 
an  air-tight  manner,  the  air  may  be  expelled  as  it 
accumulates  in  either. 

When  steam  is  generated  in  the  boiler,  jt,  it  flows 
through  the  pipe^  9,  and  Daasiog  into  the  leceire^ 


Oyivhieh  bat  pieviooalgr  been  flUed  wilh  water,  it 
presses  upon  its  8Urfiu>e,and  forces  it  through  the 
pipe*  fn,  and  up  the  eduction  pipe,  i,  by  which  it 
is  conveyed  to  the  requited  height  and  distance. 
W  hen  all  the  water  has  been  expelled,  the  attend- 
ant turns  the  cocky^,  and  the  steam  flows»4nto  the 
opposite  receiver,  6,  and  at  the  same  time  he 
also,  turns  the  cock,  «,and  water  flows  from  the  cis- 
tern into  the  receiver,  a;  the  steam  from  the  boiler 
now  pressing  on  the  surface  of  the  water  in  fr, 
forces  it  up  the  pipe,  t;  and  when  it  has  expelled 
all  that  it  contains,  the  cock,  e,  again  shuts  off  the 
communication  with  the  boiler  and  the  receiver, 
b,  and  the  vapour  rushes  again  into  a,  and  forces 
the  water  which  has  flowed  into  it  up  the  pipe  as 
before,  and  so  on,  alternately,  as  long  as  vapour 
rises  from  the  water. 

This  mechanism  must  be  considered  as  purely 
imaginary ;  it  is  probable  that  Lord  Worcester's 
apparatus  was  as  simple  in  arrangement  and  con- 
struction, as  it  must  have  been  rude  in  workman- 
ship. In  fiact,  this  mode  of  applying  steam,  which 
although  considered  as  producing  the  engine  in 
its  simplest  form,  requires  a  greater  degree  of  in- 
genuity to  adapt  the  parts  to  practice,  than  those 
of  a  high-pressure  piston  engine,  besides  its  prin- 
ciple being  much  less  obvious;  and  on  this  account 
therefore,  an  engine,  in  which  the  steam  moves 
a  piston,  is  much  more  likely  from  its  simplicity, 
and  the  manageable  nature  of  its  parts,  to  liave 
been  that  whose  properties  and  uses  were  enume* 
rated  by  Lord  Worcester. 

'  Steam  generated  in  the  boiler,  x,  is  admitted  by 
a  pipe,  a,  to  press  on  the  upper  side  of  a  piston, 
e;  this  depresses  it,  and  raises  the  other  end  of 
the  leveri  to  which  may  be  attached  a  pump- 
lod.    Vfhsa  the  piston  has  xeached  the  bottom 
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of  tiM  eyliodeT;  a  c6^,  «/iidmits  the  edmmiini-' 
cation  with  the  atraoiphere  end  the  upper  aide 
of  the  cyliaderyand  another  cock  opens  a  passage 
for  the  steam  ffom  the  boiler  to  the  under  side 
of  the  piston,  which  raises  it,  and  reverses  the 
motion  of  the  pump-rod. 

In  1663,  he  succeeded  in  procuring  an  act  of 
parliament  to  be  passed,  enabling  himself  and 
heirs,  for  ninety  years  thereafter,  to  receive  the 
sole  benefit,  profit,  and  advantage  resulting  from 
the  use  of  this*  invention.  One«tenth  part  of  all 
the  profit  which  might  be  realized  was  to  be  ap- 
propriated, without  abatement,  to  his  majesty 
Charles  II.  and  his  successors;  and  so  exclusive 
was  the  patent  privilege,  and  so  sanguine  were  its 
patrons,  that  those  who  counterfeited  this  water- 
commanding  engine  were  to  forfeit  five  pounds 
an  hour,  for  every  hour  they  should  be  found  to 
have  used  the  simulated  mechanism  without  the 
consent  and  license  of  the  Marquess  of  Worcester,' 
or  his  assigns.* 

The  fact,  however,  of  the  marquess  ever  having 
given  to  the  water-commanding  engine  any,  ex-* 
cept  a  descriptive^  exisiencet  is  debateable  ground 
with  authors  in  mechanics ;  and  on  that  account  it 
may  be  considered  to  require  some  higher  autho* 
rity  than  mere  inference,  to  decide  the  point  of 
his  having  actually  constructed  an  engine. 

The  references,  it  is  admitted,  are  all  drawn 
from  the  marquess's  own  account  of  his  oten  in-* 
ventiouj  and  which  were  addressed  to  the  public 
in  order  to  induce  them  "to  listen  to  his  schemes,' 
and  to  patronise  them.  As  his  pretensions  were 
as  high  as  his  imagination  was  prolific  and  san* 
guine,  some  shade  of  suspicion  nay  attach  U> 

♦  Walpalefti  Royal  AutBori,  Trt.  lii.  p;  IW. 


Umii  iii  Mnj^  htgMjr  "colo«ired>  liroti  a  Imb 
iinvoithy  motive  thaa  <toeeptioil — the  giatifie*- 
tioB  of  pefifOHal  vanitjr<  Yet^  swrely^  even  this  will 
not  be  wged,  when  he  it  followed  into  his  clotet 
In  his  address  to  the  Oeity^  iht  phantoms  of  an 
overweening  conceit  could  find  jio  place;  after 
his  death,  the  following'  manuscript  pia/er  was 
foand  among  bis  lordship's  papers  :— 

'*  TheLordMatquessof  Worcester's  ejacolaiory 
and  extempomry  thanksgiving  prayer,  when  first 
with  his  torparal  et^  he  did  sse  finished  a  per£sct 
trial  of  bis  water*commanding  engine;  delightful 
and  useful  to  whomsoever  haSi  in  recommedda* 
•ticm,  either  knowledge,  profit,  or  pleasure. 

^  Oh!  infinitely  omnipotent  God,  whose  mercies 
SHfe  fstbomless^and  whose  knowledge  is  immense 
and  inezfaattstible,  next  to  my  creation  and  rd« 
demption,!  render  thee  most  humble  thanks,  from 
the  very  bottom  of  my  heart  and  bowels,  for  tfa^ 
'Vouchsafing  me  (the  meanest  in  understanding)  aH 
insight  in  so  great  a  secret  of  nature,  beneficial 
to  all  mankind,  as  this  my  water-oommcnding 
engine,  fibfiie?  me  hot  to  be  pulEed  up,  O  Lord, 
hj  the  knowing  of  it  and  many  move  lare  and  on* 
•heaxd  of,  yea,  unparalleled  inv^Ktions,  trials,  and 
experiments ;  bat  humble  my  haughty  heart,  by 
the  trae  knowledge  of  mine  own  ignomnt,  weak, 
end  tmworthy  nature,  prone  to  all  evil.  Omostmer^ 
4;ifBl  FatheF,  my  Cfestor,  most  compassionating 
6ov,  my  redeemer^and  holiest  of  Spirits,  the  sail^tio 
fier,  three  divine  persons  and  one  GodI, grant  me  a 
further  concurring  gracie,  with  fortitude  totakehold 
of  thy  goodness,  to  the  end,  that  whatever  I  do, 
.unanimously  and  courageously  to  serve  my  king 
and  country,  to  disabuse,  rectify,  and  convert  my 
undeserved,  yet  wilfully  incredulous  enemies,  to 
jieivibww^  thankfuUy  my  cxeditois^taieimmune^ 
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rate  my  benebctora,  to  reinheerteii  m^  distretsed 
family^  and  with  complacence  to  gratiry  my  svf* 
feriog  and  confiding  friends^may,  void  of  vanity 
and  self-ends,  be  only  directed  to  thy  honour  and 
glory  everlasting.*' 

Altbovgh  at  every  period  of  his  life  he  seems 
to  have  been  deeply  impressed  with  the  feeling, 
that  progress  never  was  made  in  any  thing  by 
snpine  wishes  and  dilatory  efforts^  nniemitting 
perseverance  and  assiduons  industry  were,  in  his 
case,  to  be  of  no  avail  in  stemming  the  tide  of 
adverse  fortune ;  his  wishes  were  written  in  sand  ; 
and  in  the  prosecution  of  his  philanthropic  pro* 

1'ects  he  was  fated  to  experience  not  only  the  neg- 
ect  of  the  public  but  the  ingratitude  of  friends^ 
without  being  convinced  of  the  hopelessness  of 
the  attempt  at  introducing  improvements  beyond 
the  comprehension  and  spirit  of  the  age.  As 
long  as  hope  survived,  and  that  ceased  not  until 
he  ''  was  summoned  by  the  angel  of  death,"  he 
continued  to  prefer  with  vigour  his  claims  to  pub- 
lic attention  and  patronage. 
.  After  his  death,* the  raafchioness,  who  seems  to 
have  been  of  a  congenial  spirit,  and  to  have  been 
actuated  by  no  small  share  of  her  husband's  enthu- 
siasm, continued  her  exertions  to  introduce  the 
water-commanding  engine.  The  zeal  with  which 
■he  prosecuted  her  scheme,  being  considered  un- 
becoming her  sex,  and  derogatory  to  her  quality, 
a  Romish  priest,  who  had  some  influence  with 

*  The  martjuess  died  at  London  on  the  4th  of  April,  1667* 
and  hie  reinaine  were  earned  in  much  state  to  Raglaod 
church,  and  interred  in  the  family  cemetry.  Heath  examinM 
the  vault  in  1795,  and  fooad  there  a  plate  whieh  had  beea 
placed  on  the  coffin,  with  the  foUowinc  inacription  :•- 

lllurtrUsime  Pnnctptf  Sdwardi  marehionis  et  Comitit 
fFigome  ComitiM  de  OlamorgaM^  Bartmit  Herbert  de*Ragtand. 
Hqmobitaj>wiUndimt0rtwdi9JprUuADni.MDCLXFJI, 


Lftrm  ov  ft  nnsfT.  M 

pBf  UdyMpf  wat  rtteotei  td  ei^oMietie  on  tiit 
improprietjr  of  her  conduct,  aftd  to  coovey  to  hot 
the  Vi'shes  &ad  opirnvmn  ;of  ber  friends.  "  AH 
thotfs/'  layi  the  coftiews6r,witlL  no  MBaill  boldiies«y 
f*  who  wiih  yoQ  wel),  are  grieteNi  to  tee  your 
ladyship  to  be  already  so  much  disturbed  and 
weakened  in  yottr  jcK^ment^  and  in  danger  to  kMe 
the  ri^ht  use  of  your  reason,  if  you  do  not  timely 
endeavont  to  pfevenf  it,  by  cetshig  to  go  on  witli 
such  high  designs*  as  yo«  are  npon^  which  I  do* 
dare,  on  the  faith  of  a  priest,  to  be  true.  The 
«ause  of  your  present  distemper,  and  of  the  afore* 
said  danger^  is,  doubtless,  that  your  thoughts  and 
imi^nations  are  very  mach  fixed  on  your  title 
«f  Plamagenet,  and  <rf  disposing  of  yotirself  fot 
-that  great  dignity  by  gettiag  of  great  sums  of 
money  from  the  king  to  pay  your  cteceased  lord's 
debts,  and  enriching  yourself  6j^fA«  grealmacfiiney 
4indthe  Hke.  Now,m8dain,borw  Improper  such  un- 
dertakings are  for  your  ladyship,  «ad  hpw  impos- 
sible fbr  you  to  effect  them^  or  any  of  them,  aH 
your  friendi  can  tell  yon,  if  they  please  to  discoret 
«he  truth  to  yon.** 

**  The  effects,  **  continues  the  confessor,  '*  thaft 
Sow  from  hence  are  many ,-  as  the  danger  of  losing 
your  health  and  judgment^  by  such  yiolentappli*- 
calioh  of  your  fancies  in  such  high  designs  and 
amfMtioas  desires;  the  probability  of  offending 
•Almighty  God,  and  prejudicing  your  own  sool 
thereby;  the  , advantage  yov  may  tbeieby  give 
to  those  who  desire  to  make  a  prey  of  your  lort- 
tiffie,  and  to  raise  themselves  by  rumit^T  of  yoQ. 
I  coiifbM  that  ^be  devil,  to  make  his  suggestieiiB 
the  more  prevalent  deth  make  use  of  seme  mo- 
ttvet»  tlmt  seem  plausible^  2i$  of  pf^ying  your  lordPto 
debts,  of  fouttduig  aM»iiaalaiiies>  aod  the  like  i  and 
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that  yoQp  ladyship  hatli  the  kind's  tarant  to  cany 
on  theie  designs.'*  * 

The  greeU  maehinti  appears  at  this  time  to  have 
been  in  existence ;  but  it  were  idle  to  maltipty 
instances  from  the  marquess's  penonal  history, 
or  from  that  of  his  ftimily.  The  first  has  been 
thought  to  saYonr  of  enthusiasm,  and  the  latter 
might  be  ascribed,  however  unjustly,  to  the 
pmiseworthy,  but  probably  mistaken,  gmtitude  of 
those  whose  affection  mi^ht  uige  it  as  a  duty 
to  be  tender  of  the  reputation  of  an  amiable  rela- 
tion or  friend,  even  in  matters  which  might  be 
considered  as  those  of  his  wanderings. 
^  No  SHch  objection  can,  however,  apply  to  the  tes- 
timony of  an  eye-witness,  and  one  who  cannot  be 
accused  as  speaking  from  either  interest  or  ftiend- 
•hip.  The  inspection  was  made  two  years  alter 
the  death  of  the  noble  inventor ;  the  account  of 
it,  written  in  a  foreign  tongue,  lay  hidden  in  a 
manuscript,  deposited  in  a  foreign  library,  for  one 
hundred  and  fifty  years  after  t^  machine  itself^ 
probably,  ceased  to  be  in  existence ;  and  we  feel 
no  small  gratification  in  being  the  first  to  giro  it 
a  place  in  the  history  of  the  steam-engine. 

About  the  year  1656,  Cosmo  de  Medicis,  grand 
duke  of  Tuscany,  sought  respite  and  solace  froni 
unhappy  family  dissensions,  by  visiting  the 
courts  of  foreign  countries.  Cosmo  was  accom- 
panied by  a  retinue  of  men  of  letters  and  artists, 
for  the  purpose  of  recording  those  circumstances 
4uid  scenes  which  durine  his  journey  might  ap- 
pear worthy  of  remembrance.  A  minute  and 
circumstantml  account  of  each  day's  occurrences 
4ras  regularly  entered  into  a  journal  by  the  grand 
dake's  secretary*  At  Cosmo's  return  to  Italy, 
*  The  msrohioneis  diid  in  1681. 
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tbii  Dktiy  was.  c«refeUy  deposited  in  the  dacal 
library  at  Florence. 

From  itfl  containin|f  a  variety  of  particulars 
lespecting  persons  and  places  in  England,  it  had 
become  an  object  of  considerable  interest  to  those 
Englishmen  who  were  aware  of  its  existence. 
But  it  was  not  until  1818  that  any  part  of  its  con« 
tents  was  disseminated  by  the  press,  when  that 
portion  of  the  manuscript  volume  which  related 
to  England  was  translated  from  the  Italian,  and 
published  in  a  quarto  volume. 

In  that  tianslation,  under  the  date  of  the  28th 
May,  1699,  we  have  the  following  account  of  one 
of  Lord  Worcester's  machines  : — '*  His  highness, 
that  he  might  not  lose  the  day  uselessly,  went 
again,  after  dinner,  to  the  other  side  of  the  city, 
extending  his  excursion  as  far  as  Vauxhall,  be* 
yond  the  palace  of  the  archbishop  of  Canterbury, 
to  see  an  hydraulic  machine,  invented  by  my  Lord 
Somefiet,  Marquess  of  Worcester.  It  raises  water 
more  than  forty  geometrical  feHf  by  the  power 
of  one  man  only  ;  and  in  a  very  short  space  of 
iime  vfM  drmw  tip  ftmr  veeeeh  of  ieater,  through  a 
tube  or  channel  not  more  than  a  span  in  width  $ 
cm  which  account  it  is  considered  to  be  of  greater 
service  to  the  public,  than  the  other  machine  near 
Somerset-house.** 

This  therefore  is  superior  in  its  operation  to 
another  machine  hy  a  di/erent  mechanic,  and  ap^ 
pUedtotheiome  furpoee* 

Now«  in  anotner  pert  of  the  same  Diary,  it  is 
.stated*  that  *'  his  ^highness  went  to  see  an  hy- 
drantie  machine,  rai^  upon  a  wooden  tower,  in 
the  neighboiirhood  of  Someiset-house^  which  is 
used  for  conveying  the  water  of  the  titer  to  the 
neatest  part  of  the  city.  It  is  j^ttt.  in  motion  by  tvoo 
borses^  which  are  tsominually  goiti^  ronml  ^  It  not 
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being  pfliaitile  tbat  it  AoM  feo^wilB  mwrem^at 
from  the  current  of  the  river,  «•  in  nuny.  otfaet 
places  wherd  the  riTers  veYci  vtaj  in  their  course. 
But  this  is  not  the  case  with  theThAiMs,  owing^  td 
the  tide,  consequently  the  wheels  whieh  ierve  at 
the  ebb,  would  not  do  their  duty  when  the  tid^ 
returns.'* 

Nothing  can  be  more  satisflictory  than  thislaA 
notice ;  Uie  water  in  the  hydraulic!  machine  aft 
Vauxhall,  by  the  most  eaa^  inference,  was  not 
elevated  by  a  water-wheel,  otherwise  the  grand 
duke  would  not  have  omitted  to  mention  so 
striking  a  deviation  from  that  at  Somerset-Chouse. 
The  effect  .was  equal  to  that  of  another  woiked 
by  two  hones  f  and  a  tyro  in  mechanics  wonld,  at 
first  sight,  say,  that  no  combination  of  machinery 
could  accomplish  that  work  bv  one  man,  which 
it  required  the  power  of  twelve  men  to  do  ifk 
another*  From  aU  the  circumstances,  therefore, 
it  appears  to  us  clear,  that  this  great  effect  was 
produced  by  some  sort  of  a  stenn-ei^ine ;  the 
very  identical  **  mott  stupenduons  water*com^ 
manding  engine;"  the  ^  semi*omBipotent  en* 
gtne ;"  the  lulmirable  and  most  forcible  way  to 
drive  up  water  by  fire ;  **  the  most  stupeftdoaoi 
water^-woik  in  the  whole  worM,"  which  he  hnni* 
bly  beseeched  God  to  make  him  bumble,  as  being 
its  discovefer  $  and  which,  when  he  had  goAe  to  that 
*'  bourne  from  whence  no  traveller  retams,""  hH 
widow  incurred  the  imputation  of  insanity  fol 
penisting  to  oatry  lorwanlii.  And  well  may  we 
add,  in  his  own  language,  that  in  our  times  it  ap:- 
pears  indeed  **  to  have  been  produced  by  hea* 
venly  inspiration,"  a«d  in  its  power,  **  boundl^Ri 
ia  height  and  quantity  .'^ 

From  the  brevity  «f  th6  noike  in  the  gftind 
4l«lE«i*tfjHMNt<arlpty  it  19  ptoMito  ht  m^  ignomiH 
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€l  ito  priaoiple.   it  was  too  norel  to  be  foigotten, 
bad  it  been  impaited  to  bit  highnefi.    But  tbii 
tort  of  concealment  was  the  fttshion  of  that  time^ 
as  it  is  in  some  instances  that  of  out  own.    Other 
coincidences  between  the  descriptions  of  Cosmo's 
jouroaly  and  those  in  the  "  Centnry  of  Inventions,** 
are  truly  remarkable*   In  both,  the  height  otfiriff 
fjsei  is  stated  to  be  the  elevation  to  which  the  water 
is  to  be  raised ;  in  both  the  attendance  of  0n€  mow 
is  mentioned ;  and/otir  vesseis  of  water  through  a 
tube  or  channel  of  not  more  than  a  span  in  width, 
being  drawn  up,  is  almost  the  same  choice  of  words 
Qsed  in  hiscelebrated^xty-eighth  proposition.  In 
Uict,  had  the  man^uess  been  describing  the  engine 
himself f  from  a  view  of  it  in  operetion,  without 
wishing  to  describe  the  principle  of  its  operation, 
he  could    scarcely  have  used  other  terms,  than 
those  used  in  the  journal  of  Cosmo  of  Medici.     « 
Jean  Hautefeuille,  the    son  of  a   baker  at 
Orleans,  during  his  boyhood,  gave  indications  of 
gieat  mechanical  genius ;  but  the  narrow  circum- 
stances of  his  family  compelled  hhn  to  follow  the 
hninble  and  laborious  occupation  of  his  fether, 
until  by  an  unexpected  circumstance  he  was  drawn 
from  obscurity,  and  placed  in  a  situation  better 
fitted  to  his  talento.     The  elder  Hautefeuille 
supplied  the  household  of  the  governor  of  the 
city  with  bread,  at  the  time  when  the  Duchess  de 
Bouillon,  being  exiled  to  Orieans,  resided  in  his 
femily.    The  flattering  terms  in  which  the  bene- 
volent De  Soufdis  mentioned  the  ingenuity  of  the 
younger  Hautefeuille,  was  followed  by  his  intro- 
duction to  the  duchess.    The  pleasing  manners  of 
the  youth  attracted  her  regard ;  she  took  him  into 
her  family,  which  he  never  afterwards  quitted, 
enabled  him  to  stody,  on  his  entering  the  church 
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piMaiitoi  hitt^sth  tevaMa  bili^dHlj  aM  iMMriB^ 
coBtribateddttring  her  life  c^ry  tbin;  in  h^r  pov4r 
to  hit  adTancement,  at  hw  death  she- testified 
the  sincerity  oC  her  esteem  by  leaYiag  the  abb^  • 
Ube»I  pension.    The  patiooa^  of  the  noble 
lady  in  this  instance  was  meritoiioosiy  bestowed; 
and  Haatefeuilte  beeame  one  ot  the  most  cele^ 
heated  meohanios  of  the  age ;  osoag  other  itt- 
genioas  projectSy  in,1678»  he  propounded  seve- 
zal  carious  and  novel  appUcations  of  heaty  as 
a  moving  power*    In  one^  he  suggested  that  the 
vapouv  of  aichoholf  instead  :of  waiter^  shouM  b6 
used  in  such  a  manner  that  the  liquid  should 
evaporate  and  be  condensed*'^  Umrataut"  with» 
oat  being  wasted  }  he  also  proposed  snail  chaxgei 
43i  gunpowder,  instead   of  vapour  from  boiliog 
water,  and  gave  descriptions  of  thcee  awchincs 
for .  this  purpose.    The  first  condensiig  the  va^ 
]pour  and  forming  a  ,vaQuum>  raised  water  by  the 
pressure  of  the  atmosphere ;  the  second  effected 
the  same  object,  hy  the  pressure  of  the  vapour 
apon  the  water  to  be  raised ;  and,  ia  the  third 
modiflcationi  the  gunpowder  vap6ur  impressed  aa 
ahemate  motion  on  a  piston,  which  he  desetibed 
as  being  adapted  to  exectrte  a  number  of  .very 
varied  openltions.*  Huyghensi  in  a  meaioif  whinh 
he  presented  to  the  Ae4demy   of  Sci^Mi^  ia 
1680,  mentions  having  long  entertained  the  idea 
that  the  expansive  fonce  of  gunpowder  eofdd  ba 
applied  witik  advantage  to  other  uses  than  fife<* 
arms,  or  blasting  rocks>  to  a  portable  and  eouf 
lenient  mechanical  power ;  but  his  modification 
is  less  perfect  than  the  third  otie  by  HautefeaiUe» 

*  PenduU  PerpituetUr  avecla  mani^e  cf^dver  dVau  par  le 
ttioyen  de  la  potidre  &  canon,  p.  16.  Faria,  1676.  R&ejnom 
sur  quelqiiM  ma«kbns  itil^vex'Its  csux.  p.  9.  Parisi  i6te» 
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«M  at  h«  «iv«DOM  no  pioof  itsk  he  «v«r'  pvt 
it  in  practice^  it  may  be  dismissMl  in  as  brief  a 
manner  as  he  announces  it. 

The  foundation  of  the  mechanical  fiuperiority 
of  England  may  be  said  to  have  been  laid  in  the 
time  of  Charles  I.  The  reiga  of  Charles  II.  was 
one  of  the  most  favourable  periods  that  had  been 
in  England  for  the  advancement  of  its  arts ;  and 
it  detracts  little  from  the  merit  of  the  '*  merry 
monarch/'  whether  his  patronage  followed,  or 
led  the  taste  x>f  his  court  into  these  channels.  "  His 
majesty  waa»  however^  much  devoted  to  the  study 
of  mechanics,  mathematics,  natural  history,  and 
chymistry^  on  which  account  he  sent  for  a  skilful 
professor  of  these  arts  from  Fraoce«  and  erected 
for  him,  in  St.  Jameses  Park,  a  suitable  building 
for  carrying  on  his  operations  and  experiments.*' 
The  king  took  particular  pleasure  in  experiments 
relating  to  navigation,  of  which  he  had  a  very 
accurate  knowledge ;  *'  and  paid  great  attention 
to  finding  out  \vhat  sorts  of  wood  require  the  least 
depth  of  water  to  float  them«  and  what  shapes  are 
the  best  adapted  for  cutting  the  water  and  making 

?>od  sailers;"  and  his  brother's  (the  Duke  of 
ork)  taste  was  strongly  turned  towards  the  same 
fmrniits.  The  well-known  Sir  Robert  Moray 
had  the  control  of  the  king's  laboratory,  and  th« 
office  of  "  master  of  mechanics*'  was  conferred  on 
Sir  Samuel  Morland^^  an   ingenious  practical 

*  Sir  Samuel  was  the  son  of  the  Rev.  Thomas  Morlaad 
rector  of  Snlbamstead,  in  Berkshire,  and  was  bom  atov. 
UISS.  From  Winchester  school  he  was  sent  to  Cambridge 
where  he  devoted  himseH  to  the  stndy  of  nathematies.  la 
)6S3  he  aeeompanied  Whitelocke  on  Hie  femous  embassy  to 
the  Qnegen  of  Sweden ;  and  was  afterwards  sent  by  OromweU 
to  the  Dnke  of  Sayoy,  reraTdinr  his  expnlsion  of  the  Walden 
see,  a  bminess  which  he  is  said  to  have  condneted  with  gntX 
address.    He  remained  some  time  at  Oeaeva,  and  after  Us 
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mechanic,  and  was  often  emplojed  by  Um  kii^ 
in  that  capacity. 

return  fae  wrotea*'  History  of  the  Evangelical  Churches  of  the 
Vallies  of  Piedmont,**  with  numerous  cuts.  At  his  return  he 
reoeiyed  the  thanks  of  a  seleetrcommittee  appointed  to  inspeet 
his  transactions.  He  was  now  high  in  the  ponfidence  of  Thurloe, 
secretary  to  Cromwell,  and  admitted  into  the  most  intimate 
affairs  of  state ;  but  overhearing  the  discussion  of  a  plot  to 
assassinate  Charles  II.,  he,  fearing  tiie  king's  blood  might  be 
laid  to  his  charge  anotiier  day,  disdoeed  it  to  that  monarch 
at  Breda.  He  was  then  in  affluence,  having,  as  he  said,  "  a 
house  well  furnished,  an  establishment  of  servants,  a  coach, 
and  1000/.  per  annum,  and  a  beautiful  young  woman  to  his 
wife  for  a  companion.'*  He  was  created  a  minmet  ia  1660, 
and  master  of  mechanics  to  the  king ;  and  held  several  oen- 
sions  as  remunerations  for  various  experiments  which  had 
involved  him  in  pecuniary  embarrassments :  **  these  experi- 
nents,*'  he  said,  **  had  pleased  the  king's  faney,  but  when  he 
spent  500  or  1000  povnos  upon  them,  he  received  sometimes 
but  half,  or  a  third  of  what  he  had  expended."  He  married  a 
second  wife,  who  pretended  to  be  an  heiress  of  20,000  pounds, 
but  was  a  beggar,  and  when  she  turned  oat  a  ^trumpet  he 
divorced  her.  Two  years  before  King  Charles's  death  he  was 
seat  into  France  aliout  the  king's  water-works,  but  here  he 
again  lost  more  than  he  gained.  Water  eneines  employed 
much  of  his  attention,  and  in  1774«  in  the  Journals  of  the 
House  of  Commons,  is  a  notice  of  a  bill  to  enable  him  to  enjoy 
the  sole  benefit  of  certain  pumps  and  water  engines  invented 
by  him.  He  was,  probably,  a  very  gay  man  in  his  youth,  for 
be  acknowledges  haying  been  excommimicated.  He  invented 
the  speaking  trumpet,  a  fire  engine,  a  capstan  to  heave  an- 
chors, and  two  aritnmetioal  machines,  of  which  he  published 
a  descriptioa* 

Sir  Samuel,  in  167a^  obtained  a  lease  of  Vauxhall-house, 
(now  a  distillery,)^  made  it  his  residence,  and  considerably 
improved  the  premises,  every  part  ofwhidi  showed  the  inven- 
tion of  the  owner.  The  siae-table  in  the  dining-room  was 
aapplied  with  a  large  fountain,  and  the  glasses  stood  under 
little  streams  of  water.  His  coach  had  a  moveable  kitchen, 
with  olock-work  machinery,  with  which  he  could  make  soup, 
broil  steaks,  or  roast  a  joint  of  naeat.  About  1684  he  bought 
a  house  at  Hammersmith,  near  London,  where  he  died  in  Jn- 
mnary,  1096,  and  was  boned  in  Fulham  church. 

He  gave  a  pump  and  well  adjoining  his  house  for  the  use  of 
the  poolic,  wnieh  was  thus  recorded  upon  a  tablet  fixed  in  the 
wmi  **Sir  Samuel  Morlaad's  well,  the  use  of  which  be  freely 
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'  Id'  1675^  he  obtained  a  patent  for  a  certain 
powerfal  machine  to  raise  water.  By  the  strength 
of  eight  men  it  forced  water  from  the  Thames  to 
the  top  of  Windsor-castle,  and  sixty  feet  higher,  in 
a  continual  stream,  at  the  tate  of  sixty  barrels  an 
hour.  This  was  repeated,  in  1681,  before  the 
king,  queen,  and  court,  at  which  time  his  majesty 
presented  his  magisier  mechanorum  with  a  medal, 
having  his  effigy  set  round  with  diamonds. 
-  In  1681 ,  he  was  sent  to  France  on  business  con- 
nected with  his  majesty's  water-works,  and  during- 
his  residence  in  Paris  he  repeated  the  experiments 
to  raise  water,  and  erected  several  pumps«  oh 
his  peculiar  construction,  in  the  houses  of  his 
friends :  he  also  exhibited  some  models  in  actios 
before  King  Louis,  at  St.  Germains.  These  exhi- 
bitions, it  has  been  stated,  were  given  for  the 
I»urpose  of  obtaining  that  patronage  for  his  inven« 
tion  from  the  court  of  Prance,  which  he  had  failed 
in  securing  from  his  own.* 

fives  to  all  persons,  hoping  that  none  who  shall  come  after 
im  will  adventure  to  incar  God's  displeasure,  by  denying  a 
•vp.of  eold  water,  (provided  at  another's  eost,  and  not.tiieir 
oWn,)  to  either  stranger,  neighbour,  passenger,  or  poor  thirsty 
beggar.  July  3,  1695.**  A  malediction  rests  on  some  head, 
for  the  well  has  disappeared. 

<*  This  ittferenoe  has,  probably,  received  eurroicy  from  ths 
following  statement  by  Dr.  Uatton.  *'  To  Sir  Samuel  also,  it 
appears,  is  due  the  first  account  of  the  steam-engine ;  on  which 
subj^t  he  wrote  a  book,  in  which  he  not  only  showed  the 
practicability  of  the  plan,  but  even  went  so  far  as  to  ealcidate 
&e  powers  of  the  different  cylinders.  The  author  dates  bis 
invention  in  1683,  consequently  seventeen  years  prior  to  Sa« 
Tery's  i»atent  It  was  presented  to  the  French  king  in  1683,  at 
which  time  experiments  were  actually  shown  at  St.  Germains. 
As  Sir  Samuel  held  places  under  Charles  II.,  toe  must  nat»- 
raUy  eoncludef  that  he  would  not  have  gone  over  to  Francet  to 
t^er  his  invention  to  Louis  XIV.^  hadM  not  found  it  slighted 
at  home.  The  project  seems  to  have  remained  obscure  in 
both  eonntries  till  1099,  when  Savery,  who  probabljf  hnew 
more  of  Horlan^t  invention  the»  he  owned,  obtupsd  a 

u 
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BqI  Ai  he  nowKate  in«Bliaoi  Mf  thhl|f  "bflhe 
9»n,  it  is  probable  he  had  neither  failed  at  homej 
9or  tolicited  for  encoaragement  abroad.  In  Hdk^ 
Ikia  misflioB  wai  to  examine  the  naehine  at  Marllj 
trhich  Rannequin^  thafyear,  had  put  in  motion,  f 
aapply  the  palace  of  Yenaillee  with  water  ^  and 
Sir  Samuers  exhibition  of  hia  cyclo-eUiptiqiM 
pump  wai  made  ai  much  in  the  yiew  of  its  beiqg 
a  novel  exhibition^  then  particularly  interesting 
to  the  French  court,  as  with  an  hope  of  beings 
able  to  introduce  the  use  of  his  apparatus  into 
Fraaae,  and  to  secure  to  himself  a  monojxily  of 
Ha  profit. 

These  experiments,  however,  havebeea  adduced 
aa  eridenees  of  his  having,  at  the  same  period* 
shown  to  the  French  king  the  method  of  mislng 
water  by  means  of  fire.  But  no  account  of  anyi 
such  experiment  is  known  to  he  in  existence,  or  any 
axprassioU  which,  even  by  inference,  can  be  80p4 
posed  to  warrant  such  assumption.  His  book>* 
printed  in  1685,  on  elevating  water  by  all  sort^  ' 
of  machines,  does  not  contain  a  word  on  the  sub-* 
joet.  From  that  work,  it  might,  probably,  ap* 
pear  he  was  not  unacquainted  with  the  use  of 
steam  as  a  substitute  for  animal  power ;  but  even 
this  can  only  be  inferred  after  a  very  liberal  con« 
itruetion  of  a  dubious  expression.  Enumerating 
various  moving  forces,  he  mentions  that  to  be 

ffttmit,  and,  in  the  very  same  year,  Jlf.  Anumtons  proposed 
HiketMttg  rtmUair  to  the  French  academy  as  his  own  /*  Mt^- 
thematieal  IHeHoiuuy,  vol.  ii.  p.  71.  Ifthf. 

*  £Uvation  des  Sans  par  tonte  Sorte  de  Machines  p6ar  14 
Wan  public,  par  le  Chevalier  Morland.  Jombert.  A  Paris. 
law.  The  copies  dfenerally  appear  withont  a  date,  from  diS 
teokseBer's  name  being  pasted  over  it,  the  title-pa^e  havinff 
Ken  pf  inted  withont  this  appendage. 

**  9elcMi  la  force  montante  donn^e,  soit  des  rivieres  on  dl| 
f«ilt,  soit  des  eheranx  on  des  hommes,  soit  ^n  dtt  fet  <>ru« 
•sire  o«  ds  ortuy  de  la  poudre  &  csBoa."  • 
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h^  kmk  ike  «ini«Bt  ^  wnn,  Iram  Uii  tc^Mi 
«f  "witdf  titte  force  of  meii  or  hotfMty  cr  evgn  «/  « 
4omnmt^fin,  or  fEom  gunpowder. 

It  waBj  btt  tcae«  thfrt,  in  1688^  he  firetealed  l# 
the  KId^  of  FraBGo  a  «mall  aad  tplendftdly  writ* 
ten  bookj*  which^  among  other  mattersy  contain! 
•ome  calculations  of  the  aize  of  cylinders  to  raise« 
by  8tea)B9  a  certaia  quaotitjr  of  water  a  jcsrtain 
beight  ia  a  minute ;  and  he  also  gives  an  ap- 
pToximatScm  towards  the  eipansion  of  a  quantity 
^f  water  into  vapour^  very  remarkable  from  il# 
Gortectness,  considering  the  early  stage  of  the  iB« 
quiry.  But  we  are  left  in  total  ignorance  with 
legard  to  hi^  manner  of  experimenting* 

The  manuscript  volume  which  is  preserved  in 
the  British  Museumi  is  also  said  tQ  have  been  that 
presented  to  the  K  ing  of  France  2  it  may  havfe  been 
80.  The  first  part  of  this  little  book  is  most  exqui- 
sitely written*  each  page  is  beautifully  ornamented 
with  4  gold  border,  gold  letters,  and  words  in 
differept  coloured  imu,  and  evefy  way  worthy  not 
only  of  being  preseiited  to  a  king*  but  to  b®  ad- 
mired by  the  most  tasteful  monarch  for  its  deli- 
cacy aud  elegance  ^  but  the  latter  part  of  it-^ 
all  th$t  relating  to:  the  experiments  on  jsteam^ 
(whic)|  is  given  ejttire  m  the  note^f)  is  in  a 

» 

•  ELivATioH  4e8  ^4^UE  V^f  toute  SortB  ds  Machines 
rMnite  f.  la  Me^nre  an  Folds  e^  k  la  Balance,  pr^ent^e  k  8a 
ILuxsTS  Tris  Chtetienne  par  |e  Chevslier  Moai^-KD^  Oentil- 
homme  Ordinaire^  de  la-Cnampre  Priv^e.  et  M^stre  de  Mi' 
cikuufuff  da  Rot'  d«  la  Qbands  BbxtAiokx,  )683. 

t  Les  Priniilpes  de  la  Nouvelle  Foroe  de  Feu  inveat^e  par 
le  Chevlklier  Morland,  Yi^3^  1683,  et  prtfsentle  I.  Sa  Majestx 
Trii  CHBETiionrB,  1683.  L'Esu  estant  ^vapor^e  par  la  foroe 
de  feu,  ces  vapeurs  demandent  incoiitiuent  ua  plus  grand 
d'espac^  (enyjiroa  deux  mille  fois)  que  I'pau  a'occupoit  aupara 
Tant,  et  plus  tost  que  df^tre  tioujours  jsmprisonnses,  feroient 
creyer  une  pi|ce  de  cuio^.  Mais  estani  biea  |[eaTem4es  selon 
les  r^;liis  flsU  Statiqiuu  st  par  scisBoS  lUaites  k  la  mesure 

h2 
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varr  vu1g«t.  (utB,  coanal;  vriun,  vitht 
■umeDU  of  BDj  kind,  and  alK^etber  at  vi 
«itb  the  othei  diviiioD  of  thii  elegant  volame,  and 
•a  ibiaaccoantmoatuDlikelr  ever  to  bavefoniMd 
>  pait  «f  that  which,  bom  ici  adminble  flaiafa, 

AUndniFTVidTUBpi  AnfsndnhiinKui,  partlcvU^remcBt  pcmr 
DonibrFft  des  liyrea  qoi  paoTTDDt  f  (re  ISDO  foit  p»r  keura,  k  G 
biflfl  que  1«  direre  dLimitne  et  profoKdevn  du  diti  cy li^ 


D»c[uirD.». 
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Biiin. «    1  Prafondeur 
Pi^.      1    en  Pied.. 
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Lovis. 

Prom  tills,  li«wever|  he  appears  alia  ta  have  bean 

acquainted  with  the  experiment  is  the  ^'  Centniy  ef 

Knrentiotas,"  of  buratiop  a  cannon  by  fteau.    Ha 

Ibrtber  describes  vapodr,  wbMi  ^oferaed,  to  beat 

itself  quifetly  ander  the  harness  like  good  ho#sea  f 

a  tara  ef  expression  not  very  different  from  tha 

Marquess  of  Woicestei's.    These  eoinoideacae 

woiitd   almost,   in  the  absence  of  every   otfaar 

ftict,  establish  a  knowledge  of  his  pfedeecssot'i 

experiments,  even  supposing  that  the  water-eam* 

Amidin|;-^ngine  itself,  which  was  employed  for  a 

public  purpose,  and  in  action  a  few  ^ars  before^ 

idJoiAing  the  garden  wall  of  Sir  SamaeFs  iuNua 

at  Vauxhali,  was  ankaown  to  him* 

•   Aboot  the  middle  of  the  seventeenth  eeattiry^ 

a  pamphlet*  was  pablished  at  London,  which  eoa** 

taiins,  in  the  form  of  a  letter  to    HarOtb,  the 

eelebialed  ftirmer,  an  enumeration  of  the  uses  ta 

iHiich  a  machine  could  be  applied,  which  ike 

aaoilymoasaathorttates  he  had  invented.  ^*  Where* 

aa^  by  the  btesving  of  God,  ^ho  only  w  the  givat 

•f  wittj  good  add  perfect  gift^while  I  was  search* 

lag  after  that  which  many,  far  before  me  in  all 

Intmane  learning,  ht^^s  sotighb  but  not  yet  fodnd> 

t4a.  a  perpetual  motion,  or  a  lessening  Iha  die* 

iahca  between  strength  and  tiHiOj  thourh  I  say^ 

MM  that  f  have  folly  obuined  tfaa  thing  itself,  yal 

I  •  hav«  advanced  so  near  it,  chat  alrndy  I  caik> 

with  €he  iltangtti  ^r  h^tp6  ef  four  mea,  do  anf 

*  1^.  9.  /fiMMffoR  ofBi^mti'ofM&H&n  lately  Ir&uhi  to^a^ 
ijyitos )  **  wherdHT  msy  bs  AettiittotoA  asy  wiirk  abw  dsas  ia 
WMjimtlt  orsls>»asr%iq>fywltUy  wstVs  iW  re^pm  ftim^i^ 
am  sniftaen^)  elt^f  ^y  wiml,  water,  eeittei,,or  men,  ao4jbft 
With  wttdr  feeoomihodAtidii  aod  tnort  profit  thshi^y  m  mag 
MMtB«i»#aaaaiiM.*»  liMaoa,  9014       .  .  ' 


^  SMOIfni  OV  MOTIOH.' 

Wbik  whicli  Uffone  in  England^  whether tiy  winde, 
water,  or  horses^  as  the  finding  of  wheate.  Tape, 
or  Tai8tng>'of  water ;  not  by  any  power  or  wiadome 
of  mine  own,  but  by  God's  assistance,  (and,  I 
hhmbly  hope,  after  a  sorte,)  immediate  diiiectiofi, 
I  have  been  guided  in  that  search  to  tread  in 
Another  pathe,  than  ever  any  other  man,  that  I  can 
hear  or  reade  of,  difjftreade  before  me;  yet,  with 
so  good  success,  that  /  have  already  erected  one 
iiUle  engine,  or  grenU  model,  at  Lambeth^  able  to 
give  sufficient  demonstration  to  either  artist  or 
other  person,  that  my  invention  is  useful  and  be** 
neficial,  (let  others  say  upon  proof  how  much 
more,)  as  any  other  way  of  working  hitherto 
known  or  used.'*  And  he  proceeds  to  give  '^a  lisl 
of  the  uses  or  applications  for  which  these  engines 
are  fit,  for  it  is  very  difficult,  if  not  impossible,  to 
same  them  all  at  the  same  time.  To  grind  malt, 
or  hard  come ;  to  grind  seed  for  the  making  of 
oyle;  to  grind  colours  for  potters,  paintera,  or 
glasse-houses ;  to  grind  barke  for  tanners ;  to  grind 
woods  for  dyers ;  to  grind  spices,  or  snuffe,  tobac* 
CO ;  to  grind  brick,  tile,  earth,  or  stonest  for  plaa-. 
ter;  to  grind  sugar-^anes;  .to  drew  up  coaWs^ 
stones,  ure,  or  the  like,  or  materials  for  great  and 
high  -  buildings ;  to  draw  wyie ;  to  draw  water 
from  mines,  meers,  or  fens-j  to  draw  water  to  serve 
cities,  townesj  castles  ^  and  to  draw  water  to  flood 
dry  grounds,  or  to  water  grounds ;  to  draw  or  hah 
9fifK,  boates,  Sfc.  up  rivert  agavm  the  ttreame;  t^ 
draw  eart8,. wagons,  Sfe,  as  f^st  mUwut.  c4Utelj,  tQ 
draw  the  plough  without  cattel  to  the  same  despatch 
if  need  be;  to  brake  hempe,  flax,  &c.;  to  beat 
hempe,  flax,  &c* ;  to  weigh  anchors  with  less  tritubU^ 
and  sooner;  to  spin  cordage,  or  cables;  to  bolt 
meale  faster  and  fine;  to  saw  atone  and  timber;' 
to  polish  any  stQoeft  9X  metfab;  to  tame  any.  gr^. 


aHaiiis  or  motion.  T9 

woikj  in  wood.  Mods,  taettal*,  Ac,  that  conU 
Iiardl;  be  done  before ;  to  file  much  cheapei  id  all 
great  works;  to  bore  wood,  utone,  meltali;  to 
tbnuhecorne,  tfDee^  be;  to  wiDDOiir  cone  at  alt 
tiinei,belter,cheaper,  &c.  For  paper  milla,  thread 
mills,  iron  mills,  plale  mills ;  aaimuUlii  aUit." 

If  this  eilrBordinaiy  "engine  of  motion'',  was 
not  some  kind  of  a  steam-engine,  the  knowledge 
of  an  equalljr  plastic  and  powerful  motire  agent 
has  been  utterly  lost.  And  if  the  author  of  this 
■nonjmous  tract  was  not  the  Marqaeai  oF  Worce*' 
tei,  lome  equally  great  mechanical  geniai  eiiiled 
■n  his  time,  whoae  laboun  vera  turned  to  the 
■ama  point;  who  used  the  same  modes  oF  ei- 
preision  when  describing  them;  who  applied  bia 
iDveniion  lo  the  same  purposes,  but  whote  ver; 
Dame  bas  perished. 


CHAPTER  THIRD. 


**  MAT  I  XHCOVBAai  TOU,  BIAE  an,  VOT  TO  OXOW  WSAXT 
nr  TOVB  MXXD,  NOTWITHSTANDING  THX  INTINXTK  COBBUP* 
TION  TOU  HEBT4|r  ^fN*  T4TBt  VT  IflV  JO  f«OP  T0T7X  COUBSX, 
BUT  TO  CONTINUK,  AB  HXTHKBTO,  TO  CAST  TOUB  BBXAD 
UPON  KANT  WATXBS,  TOB  ASSUBKDLT  01*  THIS  TOU  VTLL 
BKAP  AN  ABUNDANT  HABVXST  IN  DUB  TIMX  IT  TOU  TAINT 
NOT.**— ^MB. 


E>r.  Devf  I^in,  a»  inginieua  PMiwlmaii.  bad  1d- 
*<"<*'  ■  mode  of  MiAMiiiig  boae*  by  cMloMg 
tbeM  in  «  boiler,  conMiucMd  M  genml*  MMa 
•fa  high  tanpcralaie.  By  thia  eoMrivaaoe  ha 
Mid  b«  asiMcled  "n&rrowr  noutiihiiir  jnica* 
fr«M  boMi,  that  (be  araat  tlniftB  boaaevife  do* 
•bMmd  had  baaa  Kbaodoan]  aa  bat  psora  pia;  by 
f  hnoSTT  defai"  and  beef,  "  nm  M*  oUMt  amd 
itirdut  toi^biff,"  and  otlwi  BtMi,  whoan  hwn* 
aad  ■bHTcliad  tHrna  haSed  the  >kiU  of  the  motf 
•ipeiienaed  coolii  to  prepafe  Ibi  maMicalia^ 
with  eomaon  boilaci,  libni  "dona"  in  hii  di< 
■aMar,  oa«e  tnth  tander,  anecaleiil,  and  paim } 
tBhet,Meitnordia«if«aiithe^^torthi>"higb< 
pnante  Maam"  pcoeeaa,  that  the  coancM  boaaa 
•Mi  MMt  ohdawM  f  ri«la  glided  geoilj  ialo  iIm 
Monach,  is  ibe  attractive  i^pei  of  nvoory  loBpri 
■ad  Glatinmu  jelliesi*  ud  tbete  is  liiile  doubt 

■ -*  I  took  iHif  k>BH  tut  M  Mur  ben  bid*l.  bat  ktpt  ttrr 
k  long  Uine,  ud  of  Ili?)iard«n  part  of  the  leir  i  t&eie  btiH  Dwi 
into  1  hm«  gUM  pot,  with  w>t*r,  I  iuobidtd  ia  tta  oglW, 


84  mOBBTBtt. 

bot  that^  at  one  time,  Papin  was  so  proud  of  the 
power  of  the  new  utensil  that  he  had  put  into  the 
hands  of  the  coquui,  that  flesh  was  considered  by 
him  to  be  little  better  than  an  excrescence  with 
which  nature  had  concealed  and  encumbered 
the  virtues  of  bone  and  cartilage. 

The  digesting  process  being  found  accompa- 
nied with  some  degree  of  danger^  in  the  account 
of  his  '*  engine,"  which  he  printed  in  1681,  when 
he  resided  at  London,  to  guard  against  the  fatal 
effects  which  would  follow  the  bursting  of  the 
boiler,  he  added  a  contrivance,  which  is  now 
well  known  by  the  name  of  the  safety  valve, 
an  opening  made  in  the  cover  or  roof  of  the 
boiler  and  closed  by  a  lever,  pressing  a  movable 
weight  on  the  oriilce. 

**  You  must  have  a  little  pipe  open  at  both 
end*,  as  e,  this  being  soldered  to  a  hole  in  the 
cover,  a,  is  to  be  stopt  at  the  top  with  a  tittle 
valve  exactly  ground  to  it«  and  fitted  also  with  a 
paper  between,  this  must  be  kept  down  with  an 
iron  rod,  one  end  of  which  must  be  put  into  an 
iron,  staple,  r,  fastened  to  the  bars,  and  the  other 
end  kept  down  by  a  weight,  o,  to  be  hung  upon 
it  nearer  or  further  from  the  valve,  according  as 
you  would  keep  it  less  or  more  strongly  down 
upon  the  end  of  the  pipe  to  resist  the  less  or 
greater  pressure  from  within,  much  after  the  man- 
ner as  a  weight  is  hung  upon  an  ordinary  Roman 
balance  or  steelyard.  To  prevent  the  drying  of 
the  paper  of  this  valve,  a  liUle  pipe  is  tied  round 

IkAving  pteat  the  fire  vntil  the  drop  of  Wftter  would  dry  away 
IB  8  seeonds,  or  10  firessures,  I  foand  very  good  jelly  in  my  pot, 
withoat  taste  or  colour,  like  hartshorn  jeUy ;  and  having  sea- 
soned it  with  sugar  and  juice  of  lemon,  I  did  eat  it  with  as 
moch  pleasure,  and  found  it  a  stomachick,  as  if  it  had  been 
jelly  of  hattshom,"    New  JXgetter  fw  Sqftemng  Bqms, 
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abCKit  with  hemp  and  thrust  down  into  the  pipe, 
ao  that  one  end  reacheth  pretty  far  into  the  water 
in  the  engine*  whence  it  comes  to  pass,  that  if 
some  of  the  said  water  be  lost,  the  inward  press* 
ure  will,  nevertheless,  drive  up  water  through  the 
pipe,  ej  against  the  valve  and  make  it  more 
exact."* 

The  valve-pipe  must  be  but  slender,  that  it  may  be 
kept  shut  by  a  little  weight,  and  his  pipe  was  two- 
fifths  of  an  inch  in  diameter;  the  weight  at  the 
end  of  the  rod  was  a  pounds  placed  twelve  inches 
from  the  valve,  and  tbuat  was  one  inch  from  its  ful* 
crum ;  and,  therefore,  when  one  pound  weight  was 
banging  at  the  end  of  the  lever,  and  water  gets 
out  of  the  valve,  the  inward  pressure  is  about 
eight  times  stronger  than  the  ordinary  pressure; 
and  by  increasing  or  lessening  the  weight,  or  by 
removing  it  from  one  place  to  another,  one  may 
always  know  near  enough  how  strong  the  inward 
pressure  is."  This  lever  being  merely  inserted  in 
a  hole  made  in  a  projecting  rim,  it  was  with  dif- 
ficulty kept  in  its  proper  position,  and  the  orifice 
of  the  pipe  was  by  this  means  often  unclosed^ 

•  P.  6.  iUd. 

**  Having  found  some  difference,  both  for  the  quantity,  and 
for  the  letuliness  in  drawing  fellies  from  several  bodies,  I  be- 
lieve there  might  be  found  a  difference  in  several  other  ]^roper- 
taes  of  them ;  and  seeing  oar  bodies  are  bat  congealed  liquors, 
it  is  likely  that  if  people  would  goon  with  this  trial,  and  draw 
jellies  from  sereral  parts  of  the  same  animal,  and  from  severtl 
animals  of  the  same  kind,  but  of  different  ages,  and  from  several 
kinds  of  animals  that  live  a  great  deal  longer  one  than  an- 
other, as  from  hares  and  rabbits ;  and  then  if  they  would  com- 
pare all  the  several  properties  of  these  j  ellies  with  one  another, 
it  is  likely,  I  say,  that  it  would  be  a  great  help  towards  mak- 
ing a  better  theory  than  hitherto  we  have  about  the  causes  of 
the  lastingness  of  our  life,  and  such  a  theory  would,  it  may  be, 
prove  of  more  consequence  than  many  people  are  apt  to  be- 
jQeve."  P.  28,  ihid.  Papin  practised  with  success  a*  a  phy- 
sician. 
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vhas  this  bappaiiMl  it  iavalriably  was  fbund  (fait 
^  the  meat  was  spoiled."  A  I>r.  Kinff,  **  for  ^atar 
■eeurity  and  conveniency,  caused  the  lever  to  be 
fitted  with  a  joints  so  that  it  mast  always  fall  upon 
the  pipe^  and  there  is  no  danger  that  the  valve  (or 
stopper)  may  slip  off  and  spoil  the  opeiation."* 

*'  But  an  engine  which  was  made  for  the  labo* 
latory  of  his  majesty,  Charles  II. >  of  blessed  me- 
mory, has  the  advantage  to  have  no  hole  to  the 
eover,  which  in  the  ftrst  engines  caused  some 
trouble,  besides  some  danger/'t  which  probably 
arose  from  the  boiling  water  being  forced  up<* 
wards ;  but  even  that  was  preferable  to  the  danger 
in  the  king's  engine  of  the  cook  being  blown  to 
pieces  by  the  bunting  of  the  boiler,  instead  of  being 
ecalded,  as  in  the  first  apparatus.  "  To  know,*' 
eontinoes  Papin,  ''the  d^ree  of  heat  in  this  boil- 
ar,  instead  of  a  thermometer  I  use  another  way> 
very  easie,  and  yet  eiact  enough  for  all  my  uses* 
I  hang  a  weight  to  a  thread  about  three  feet  long* 
flo  that  every  swing  makes  a  second,  and  I  let  foil 
a  drop  of  water  into  a  little  cavity,  made  for  that 
purpose  at  the  top  of  it,  (the  roof  of  the  boiler,) 
and  I  tell  how  many  times  the  hanging  weight 
will  move  to  and  fro  before  the  drop  of  water  is 
quite  evaporated ;  and  I  take  care  that  the  place 
where  I  pat  the  drop  may  be  clean,  because  a 
little  grease  will  considerably  hinder  its  evaporat* 

•  Coatimistiioa  of  fte  New  IXgester,  p.  53,  1687. 

f  P.  3,  ibid, 

i  Tjbe  drop  of  water  drying  up  in  five  seconds  indicated  A 
degree  of  beat  eanal  to  ten  pressures ;  in  three  seconds  equal  to 
Bine  pressures;  be  had  built  no  furnaces  for  his  boiler,  but  al> 
ways  had  set  it  **  in  aehiinney  comer,  and  put  the  fire  between 
the  ehimney  and  the  engine."  Dr.  King  caused  a  brick  fur- 
nace to  be  built  on  purpose,  linking  that  i^ould  lessen  ths 
e|Xpense  for  coals.  **Bnt  I  found,  contrary  to  my  expecta* 
tion,  that  the  expense  is  much  greater  in  his  furnsOT;  the 


'*'  Ilk  \^9S,  the  same  philosopher  exhibited  a  mo^ 
del  of  a  machine  for  raising  water,  *'  and  having 
seen  it  practised  severai  times,  that  after  the  dis- 
eovety  of  some  neW  problem  the  iflvetitof  prA* 
pounds  it  as  a  riddle,  to  stir  ap  those  that  are  in<« 
genious  in  the  Same  kind  of  learning,  and  makej 
them  find  sometimes  better  things  than  what  is 
propounded.*'  Papin  thought  *'  he  might  do  the 
same  with  his  way  for  raising  ^water,  which  he 
thought  surely  to  be  new,  since  it  is  not  used,  ift 
considerable  occasions^  where  it  might  be  of  great 
advantage."* 

'  The  solutions  which  were  given  by  three  personl 
^ho  made  the  attempt,  not  fulfilling  the  conditiond 

reason  of  which  probably  is,  beeatise  in  his  furnace  the  eoals 
did  not  at  all  toneh  the  engine,  bat  temained  a  little  dietanet 
below ;  as  in  ordinary  sand  famaeesi  the  ooals  do  not  tooo^ 
the  pot,  but  in  my-  chimney  the  coaU  Umch  the  empne  almoa| 
all  along,  and  thereby  may  the  better  heat  it.  It  is,  there< 
fore,  likely  that  it  would  1>e  better  to  build  furnaces  so  as  t(» 
^ave  the  ooals  touch  the  engine  all  along  one  tide."  C<Hl» 
tinufUion  of  the  New  Digester^  p.  63. 

He  found  "  that  the  qaantity  of  coals  required  to  ooil  beef 
Was  nearly  two-sevenths  greater  than  that  required  to  boil 
mutton  1**  his  valves  were  made  tight  with  paper— leather 
melted;  slMaetimes  he  softened  the  oifgest  bone  of  a  leg  eif 
^f  without  if  oiling  the  meat.  With  steam  of  nine  vresir 
nres  he  boilea  *'k  pi^ce  of  a  breast  of  mutton  with  sit 
ounces  of  toals  ;**  a  breast  of  beef  under  nine  pressures  was 
oooked  with  six  and  a  quarter  ounces:  from  his  experi» 
ments  he  concluded,  **  that  the  more  brbkly  we  press  tk^ 
fire,  the  more  effect  it  ]^roduceth  with  the  same  quantity  of 
'coals.  The  greater  the  inward  ptessure  is,  the  greater  enet 
is  produced  by  the  same  heat  in  the  same  tinie }  that  it  is  hear 
the  same  to  press  the  Are  with  fotir  and  a  .half  ounees  of  ooals, 
90  as  to  dry  away  a  drop  of  water  in  ten  secondhand  then  let 
the  fire  go  out  of  itself ;  or  to  preis  the  fire  With  six  or  sevea 
ounces,  and  then  take  it  aU  off  as  soon  as  a  drop  of  water 
driee  in  three  seconds  i  the  greater  the  inward  pressure  Is,  tkb 
less  quantity  of  coids  is  required  to  give  a  certain  degree  of 
heat." 

•  Philosophic  TAuulactioiis,  voL  zv^  p.  1093. 

19 


fS  CpillfVMKIATIIfO  MOTION. 

of  his  pfoblem,  in  a  few  months  alkerwaids  he  gave 
a  deacriptioD  of  his  model,  from  which  it  appear- 
ed, that  the  water  was  raised  by  rarefying  the  air 
in  the  vessel  into  which  it  was  impelled  bj  the 
pressure  of  the  atmosphere  on  the  water  m  the 
cistern.  The  mode  by  which  he  rarefied  the  air 
was  carefully  concealed.  In  two  of  the  solutions 
the  same  effect  was  produced  by  condensing  it. 
.  Thus  far  the  scheme  may  be  considered  an  in- 
genious trick ;  yet  an  useful  air  was  given  to  his 
proposition  by  showing  how  a  series  of  exhaust* 
mg  vessels  might  be  connected  so  as  to  raise 
water  from  considerable  depths ;  *  and  a  sugges- 
tion for  communicating  motion  by  means  of  air 
to  a  great  distance,  which  grew  out  of  a  discus- 
sion respecting  its  practicability,  was  conceived 
in  an  original  and  philosophical  spirit.  Suppose, 
for  example,  that  it  was  required  to  raise  water 
out  of  a  mine,  and  that  there  was  no  river  to  turn 
a  wheel  to  move  the  pumps  nearer  than  a  mile. 
Papin  proposed  to  place  two  cylinders  fitted  with 
pistons  near  the  water-wheel,  and  other  two  at 
the  mouth  of  the  mine ;  these  were  to  be  con- 
nected by  a  pipe.  The  action  of  the  piatons 
moved  by  the  wheel  compressing  the  air  in  the 
cylinder  and  in  the  pipes  throughout  its  whole 
|ength>  Pap)li  thought,  that  when  the  pistons 
at  the  one  etid  were  depressed  by  the  communica- 
tion of  pressure,  those  at  the  other  end  would  be 
elevated.  But  although  the  pumps,  moved  by  the 
water-wheel,  conden^d  the  air,  the  pistons  at  the 
mine  stood  still.  And  the  failure  arose  from  a 
property  of  air,  which,  however  familiar  to  Papin 
as  a  mechanical  philosopher,  was  overlooked  in 
his  apparatus.  The  air  itself  was  a  very  compress- 

*-Fhil,  Tisas.  voL  XT.  p.',lS7^ 


tble  body,  ebd  in  hu  mecfaaDisni  it  wai  not  com* 
pressed  safficiendy  to  offer  tuch  a  resistance  to 
liirthei  condensation,  as  was  necessary  to  moTe  so 
great  a  weight  as  that  placed  on  the  pumps  of  8 
mine.*  Of  two  methods  of  remedying  this  de- 
feet,  the  one  which  happened  to  occur  to  Papia 
made  his  machine  impracticable  j  the  length 
which  he  found  was  required  for  his  compressing 
cylinder  was  altogether  preposterous. 

Great'as  his  reputation  was  in  England,  he  failed 
in  getting  patrons  to  give  a  trial  to  his  apparatus. 
But  when  he  returned  to  France,  and  after  he  waii 
driven  from  it  by  the  revocation  of  the  edict  of 
Nantes,  and  had  settled,  in  168T,  at  Marpurg* 
in  Germany,  he  was  employed  by  some  persons 
of  large  fortune  to  erect  machines  on  this  prin*' 
eiple  at  Auveigne«  and  in  .Westphalia,  to  drain 
mines.  The  result  had  been  predicted  by 
Dr.  Robert  Hooke  and  others;  the  failure  was 
complete.  It  was  in  vain  that  he  attempted  to 
get  over  the  difficulty  by  increasing  the  capacity 
of  the  cylinders  and  diminishing  tluit  of  the  con- 
necting pipe,  the  hopes  of,  by  this  means,  keep« 
ing  his  cylinders  of  a  moderate  siee  were  still  to 
be  disappoinied.  He  now  reverted,  in  part,  to  his 
first  idea*  constructing  the  pistons  with  talvei 
and  cocks  similar  to  those  of  an  air-pump,  afid  in-< 
stead  of  compressing  the  air  in  the  cylinders,  he 
formed  a  vacuum  throughout  the  entire  apparatus 
by  the  action  of  the  water-wheel^  in  order  that| 
by  exhausting  the  cylinders  under  the  pistons  neat 
the  miDe,t  the  pressure  of  the  atmosphere  should 

*  KoiivelltodeR^pabliqTi«  AesLettres,  December,  lfl86.  A 
Moms.  Kaia  ar]|ed  some  dbjaetionfl  to  PApin't  scheihei  w^ioft 
irere  answered  m  the  Phil.  Treina.  No.  Iw,  p<  2Q^ ;  from  tkii 
it  appears  that  his  Vacttoia  was  equal  to  a  pressure  of  twcdre 
feet  of  vstetr. 

f  ReciMil  de  diverse  pi^s.  twMhsnt  ^sel^iiiS  wAmftOU 
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act  to  impel  them  downwards,  and  thus  produce 
^e  jequired  motion.  His  modification  of  the 
apparatus  to  accomplish  this  object  may  be  shortly 
described. 

The  pistons  at  the  mouth  of  the  mine  were  at* 
tached  to  ropes,  which  were  wrapped  several 
times  round  an  axle,  or  horizontal  shaft,  in  oppo- 
site directions,  so  that  when  the  one  was  coiling 
and  drawing  up  its  piston,  the  other  was  unwind- 
ing and  allowing  the  other  to  descend.  On  this 
shaft  a  laige  wheel  was  also  fixed,  having  a  cord 
on  its  circumference  carrying  a  bucket  at  each 
i^nd,  which  alternately  rose  and  descended  as  the 
piston-ropes  were  wound  or  uncoiled.  The 
pistons  near  the  water-wheel  were  attached  to  its 
axle  in  a  similar  manner,  and  arranged  so,  that 
when  one  piston  was  at  the  bottom,  another  was 
at  the  top  of  its  respective  cylinder ;  a  single  pipe 
formed  a  communication  with  the  two  sets  of 
cylinders,  branching  at  its  termination  to  each 
cylinder,  and  having  a  double  passaged  orfowicay 
cock  at  their  junction  with  the  conveyance  pipe, 
to  admit  the  air,  and  to  shut  it  off  from  beneath 
each  piston  alternately. 

By  the  motion  of  the  water-wheel  a  vacuum 
was  produced  in  the  cylinders  under  the  pistons 
and  in  the  conveyance  pipe ;  that  piston  near  the 
mine  cylinder,  which  was  at  the  top  of  its  vessel^ 
having  a  communication  with  the  connecting 
pipe,  and  the  air  being  withdrawn  from  beneath 
It,  was  pressed  downward  by  the  atmosphere,  this 
moving  the  axle  drew  the  other  piston  upwards, 
the  air  being  admitted  under  it  at  the  instant  it 
was  shut  off  from  the  other;  the  cock  is  now 
turned ;   a  communication   is   opened  with  the 

machines  et  autres  sojets  pliilosopliiqu  es,  par  M.  D.  Papia, 
]>r.«iiM^    ACaa»eLl685. 
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Tacuum  aod  the  other  piiton  which  is  depiesaed ; 

and  the  air  is  at  the  same  instant  admitted  beneath 
that  which  has  just  been  impelled  into  its  cylin- 
der. 

Papin  proposed,  by  this  most  ingenious  scheme, 
to  transmit  the  power  of  the  water-wheels,  driven 
by  the  Seine,  to  work  pumps,  instead  of  the  ope- 
loae  and  clumsy  methods  which  then  so  greatly 
excited  the  admiration  of  the  vulgar  at  Marli. 
Still  this  was  found  to  be  useless  in  practice^  from 
the  extreme  difficulty  of  procaring  and  preserving 
a  perfect  vacuum  in  the  apparatus,  and  also  from 
ihe  exceeding  tediousness  of  the  process.*  It  is, 
however,  due  to  the  ingenious  contriver  to  ob- 
serve, that  this  idea  has  been  considered  to  be 
one  of  great  practical  value;  and  an  accomplished 
modern  mechanic  suggests,  that  the  only  addition 
wanting  to  his  apparatus,  to  make  it  usefully 
efficient,  is  a  receiver,  or  air  chamber,  near 
the  cylinders,  to  be  kept  exhausted  by  the  pumps ; 
and  this  being  of  sufficient  capacity  the  air  will 
rush  into  it,  and  be  taken  away  from  beneath  the 
piston  the  instant  the  cock  is  opened,  whereas, 
without  it,  it  would  be  drawn  off  more  slowly  by 
the  pumps;  but  if  the  conveyance  be  made  of 
large  dimensions,  it  will  effect  the  same  end  com- 
pletely.    Papin  lessened  the  pipe. 

The  instantaneous  combustion  of  gunpowder 
.bad  been*  pointed  out  by  Uautefeuille  as  offering 
a-  ready  means  of  producing  a  power  to  elevate  a 
piston;  and  stimulated  by  the  thought  of  its  being 
more  noble  and  praiseworthy  to  show  how  to 
apply  guupowder  to  aid  man  in  his  labour,  than 
to  teach  its  application  to  machines  used  for  his 
destruction,  Papin  conceived,  itk^i  9^  speedy  vacuum 
pould  also  be  formed  by  condensing  its  vapour ; 


but  notwithstanding  all  hi8  ing«nuity^  a  fiftb; 
and  sometimes  a  greater  proportion  of  the  air 
remained  in  the  cylinder^  so  that  instead  of  a 
piston  of  a  given  size  raising,  as  it  ought  to  have 
done,  upwards  of  three  hundred  pounds  weight,  it 
teldom  elevated  even  so  much  as  one  hundred 
and  fifty.* 

In  this  state  his  projects  remained  until  1695, 
y/rhen  Papin  published  a  collection  of  essays  de« 
scriptive  of  these  and  some  other  projects. 

In  a  letter  to  the  Comte  de  Sintzendorff,  who 
had  applied  to  him  for  his  advice  as  to  the  best 
mode  of  draining  some  mines,  after  enumerating 
these  projects,  he  abandons  them  as  liable  to  insu- 
perable objections.  But  he  goes  on  to  say,  that  he 
believes  it  would  not  be  difficult  to  make  a  machine 
which,  possessing  the  same  arrangement  of  parts, 
and  acting  on  the  same  principle,  would  accom- 
plish the  purpose  the  Comte  de  Sintzendorff  had 
in  contemplation.  For  as  water  possesses  the 
property  of  being  converted  by  heat  iinto  vapour* 
Which  possesses  the  same  elasticity  as  air,  and  after- 
wards may  be  so  completely  recondensed  by  cold^ 
that  no  part  of  its  elastic  power  shall  remain; 
therefore,  by  means  of  heat,  and  a  small  quantity 
of  water,  he  could  make  that  perfect  vacuum, 
which  he  in  vain  attempted  to  produce  by  igniting 
gunpowder  and  condensing  its  vapour* 

The  scheme  to  which  be  gave  the  prefefence  is 
very  simple.  A  cylinder,  flg.  1,  made  air-tight  at  the 
bottom,  is  fitted  also  with  an  air-tight  piston,  d. 
The  stem  of  the  piston  goes  throdgh  the  cover 
of  the  cylinder.  A  lever,  n,  turning  on  a  hinge, 
is  fastened  to  the  top,  and  a  spring  acts  so  9M 
to  press  it  into  a  notch  in  the  piston  rod,  when 

•  Acta  Eruditonim,  p.  498.  1688.  Papin  gives  a  figrue  of 
hisgimpowdweylJBdM^tolakwBt   JilciM(/»  p.  53, 


it  comes  above  the  cover.  A  small  pipe/ e>  is 
inserted  through  the  cover  of  the  cylinder,  and 
also  through  Sie  piston*  and  firmly  closed  at  the 
ppper  end. 

The  stopper  of  the  small  pipe  being  taken  out, 
the  piston  is  then  easily  moved  to  the  bottom  of 
the  cylinder.    A  small  quantity  of  water  is  intro« 
duced  through  it  beneath  the  piston^  and  it  is 
again  closed.    The  cylinder  is  now  placed  over  a 
fire ;  steam  of  a  high  temperature  is  quickly  pro- 
duced,  which  forces  the  piston  to  the  top  of  the 
cylinder,  when  the  lever  is  immediately  pressed  bv 
the  spring  into  the  notch  in  the  piston-rod,  which 
retains  it  in  that  position.    The  fire  being  with- 
drawn from  the  bottom,  the  air  cools  the  appara« 
tus,  which  condenses  the  steam,  and  a  vacuum  is 
thus  formed  beneath  the  piston.    The  lever  being 
then  disengaged  from  the  notch,  the  pressure  of 
the  atmosphere  impels  the  piston  with  a  great 
force  to  the  bottom  of  the  cylinder.    A  fresh 
charge  of  water  may  again  be  introduced  by  the 
small  pipe;  when  the  fire  is  applied  to  the  cylin- 
der the  piston  will  ascend  a  second  time;    and 
after  a  vacuum  is  formed  by  the  cooling  of  the 
cylinder^  it  will  be  impelled  downwards,  as  before, 
by  the  pressure  of  the  atmosphere,  and  this  alter- 
nate motion  may  be  continued  and  prolonged  at 
pleasure. 

In  our  ignorance  of  Lord  Worcester's  mode,  this 
may  be  considered  the  most  important  and  mas* 
terly  attempt  that  had  yet  been  made  to  employ  the 
^elasticity  of  steam  as  a  motive  power;  and  it  can- 
not but  be  a  matter  of  regret,  that  its  persevering 
and  ingenious  author  should  abandon  his  pursuit 
at  the  moment  he  had  laid  the  foundation  of  the 
splendid  mechanism  of  the  lever  engine,  and  had 
in  his  grasp  a  brilliant  reward  for  a  life  of  labour. 
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The  simplicity  of  his  experiment  U  nM  the 
least  of  its  merit ;  and  although  the  moving;  of  the 
fire  from  and  to  the  cylinder  ivould  now  be 
reckoned  as  inartificial  as  it  would  be  found  in« 
convenient  in  practioe,  we  should  Recollect  that 
H  was  intended  by  its  anthor  as  a  rough  experi*' 
tnent  only  to  illustrate  a  principle. 

It  is  still,  however,  very  rerndtkable,  that  th^ 
condensation  was  always  produced  by  cooling'  the 
cylinder  by  air ;  arHficial  means  of  refrigeration 
have  never  yet  been  suggested.  Decdus  condensed 
the  steam  in  the  ball  by  air;  Hautefeuille  fol- 
lowed the  same  plan ;  Lord  Worcester  has  left  as 
bo  observations  upon  it ;  and  we  are  ignorant  'of 
Sir  Samuel  Morland's  method.  Papin's  claim  will 
not  therefore  be  to  the  mode  df  producing  steam 
in  a  cylinder,  and  raising  a  piston  by  its  elasticity, 
for  Hautefeuille  did  this ;  and  so  also,  we  con- 
ceive, did  Lord  Worcester,  in  the  same  way  as  that 
now  practised  in  high-pressure  engines;  but  fof 
combining  the  force  of  steam  to  raise  the  piston, 
ftnd  forming  a  vacuum  under  it  by  condensing  the 
vapour,  thus  bringing  the  atmospheric  pressure  to 
aid  the  effect  of  his  apparatus.  He  asserts  from 
experience,  that  an  ordinary  fire  produced  as  mucU 
jsteam  in  a  minute  as  was  sufficient  to  elevate  the 
piston  in  the  cylinder  with  a  force  equal  to  the 
pressure  of  the  atmosphere;  by  proportioning 
the  fire,  large  cylinders,  in  his  opinion,  could  be 
heated  ^ith  almost  greater  facility  than  small 
ones. 

The  mode  proposed  by  Papin,  of  withdrawing 
the  cylinders  from  the  fire,  required  that  these 
vessefs  should  be  made  as  light  as  possible  :*  and 
the  doctor  set  his  speculation  afloat,  when  he 
conceived  that  a  cylinder  might  be  made  which 

•  P.  W,  ib(d. 
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•iMUy  w4\gh  net  moie  Hkmn  forty  pouaclf,  ud  y«t 
be  •tronjp  enough  to  oontein  a  piston  which  would 
•levato  a  weight,  equal  to  two  thouiand  poundi,  to 
m  height  of  four  leet. 

Neither  did  it  escape  his  penetration,  that  al- 
though'in  many  situations  steam  could  be  used  as 
a  motive  power,  at  a  much  smaller  expense  that 
animal  labour,  yet  even  in  the  most  faTourable 
ease  the  consumption  of  fuel  to  form  this  vacuum 
must  be  enormous,  and  be  attended  with  a  greet 
outlay.  He  had  also  observed,  that  this  was 
partly  occasioned  by  the  imperfect  combustion  of 
the  fuel  itself,  which  was  used  in  the  furnace  t 
and  he  proposed  to  diminish  the  waste  by  a  differ* 
eat  arrangement  of  the  fire-place.  In  the  usual 
construction  coals  are  laid  on  a  grate,  over  which 
is  placed  the  boiler,  and  the  air  which  "  feeds  the 
five"  rises  through  the  fuel.  Papin  reversed  thti 
operation.  He  laid  the  eoals  on  a  grate,  a,  and 
the  chimney,  b,  descended,  and  then  rose  in  the 
toanner  of  the  two  legs  of  a  bent  syphon ;  in  the 
opposite  end  of  which,  e,  was  placed  the  steam 
cylinder.  The  portion  of  this  syphon,  which 
ascended,  and,  which  contained  the  cylinder,  was 
longer  than  that  containing  the  grate :  the  coals  were 
spread  on  the  grate  in  the  common  manner ;  wood 
was  laid  on  the  surfoce  of  the  coals,  this  was  inflam- 
ed, and  a  current  of  air  was  forced  doumwards  upon 
the  partially  ignited  materials;  from  the  difference 
in  the  length  of  the  two  legs  of  the  syphon,'  the 
descending  current  thus  produced  was  continued ; 
the  materials  were  completely  consumed,  and  in- 
stead of  the  fuel  escaping  in  the  form  of  a  heavy 
and  offensive  vapour,  the  gases  emitted  were 
Bearly  imperceptible. 

By  using  this  construction  of  furnace  the  econo- 
my of  fufl  iff  prodigious;  the  mttfm  heai  which 
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i»  gMeraUd  being  its  only  objection ;  for  it  was 
found  by  sacceeding  experimenten,  that  the  mate- 
rialt  which  compcMed  the  fire-place>  as  well  as 
the  fuel,  disappeared  before  the  eneigy  of  the 
"little  volcano.*' 

Papin  apparently  not  being  aware  that  this  cur^ 
rent  would  continue  in  the  descending  direction, 
hinted  the  advantage  to  be  derived  from  forcing 
the  air  upon  the  fuel;  and  hazarded  the  conjec- 
ture>  that  a  double  velocity  being  given  to  it  the 
heat  produced  should  be /our  times  greater.*         , 

This  fine  arrangement  and  combination  of  parts 
was  equalled  by  the  purposes  to  which  the  inge- 
nious Frenchman  suggested  it  might  be  applied. 
The  object  he  had  first  in  view  was  the  draining 
of  miues;  he  said  it  might  also  throw  hombt  f 
and  above  all,  that  it  might  propel  a  vessel  against 
the  wind,  and  supersede  the  labour  of  rowers  and 
galley-slaves  in  ports  and  havens ;  and  thus  allow- 
ing these  persons  to  be  employed  on  their  proper 
element,  the  sea,  instead  of  reposing  the  greater 
part  of  their  time  in  port  or  on  shore.t 

In  discussing  the  advantages  of  his  mechanism 
over  human  power  in  maritime  movements,  the 
mechanical  difiiculties  which  were  to  be  over- 
come before  his  project  could  be  practicable 
were  observed  but  to  be  ingeniously  obviated* 
He  was  quite  aware  that  the  rectilineal  movement 
of  the  piston  in  his  cylinder  could  not  be  effec- 
tively applied  to  a  mechanism  like  a  common 
oar. 

.  During  his  residence  in  England  he  had  wit* 
nessed  an  interesting  experiment  made  on  the 
Thames,  in  which  a  boat,  constructed  from  the  de- 
sign of  the  Prince  Palatine  Robert,  was  fitted  yriik, 

•P.63,«6«.  tP.fil,iWi*. 


WmBL  BOAT0*  0T 

rs9oMiiff  oats,  or  peddles  attached  to  the  two 
ends  of  a  long^  amle  g;oiBg^  across  the  boat,  and 
which  received  its  motion  from  a  trundle  work* 
ing  io  a  wheel  turned  round  by  horses.  The  ve? 
locitjT  with  which  this  horse-boat  was  impeUcNl 
was  so  great,  that  it  left  the  king's  barge,  manned 
with  sixteen  rowen,  far  astern  in  the  race  of  trial. f 

*  The  Qte  of  wlieels  for  oars  is  TviMr  sacieiit.  InsooMTery 
aneient  Mi$S.  extant  in  the  King  of  fYanee's  librarr,  it  is  saiA 
the  boats,  by  which  the  Roman  anny  under  Claudias  Caudejr 
was  transported  into  Sicily,  were  propelled  by  wheels  moved 
by  oxen.  And  in  many  old  military  treatises  the  sabstttntioii 
«  wheels  for  oars  is  mentioned. 

Robert  Valtnrtos  gives  a  view  of  two  gallies  moved  by 
wheels  instead  of  oars :  the  first  diagram  shows  live  wheeu 
on  each  side  of  the  vessel ;  each  pair  are  connected  by  a  sepa* 
rate  axle  ranning  aeroes  the  boat,  this  axle  is  formed  like  a 
oraak  in  the  ipiiUlo  of  its  leagtht  and  the  five  axles  are  ooii> 
n^ted  together  by  a  rqd,  or  a  rope,  so  that  all  their  move- 
ments are  simultaneous.  The  second  diagram  has  one 
wheel  at  each  side  of  the  galley;  these  are  also  eonneete^l  by 
an  axle  running  across  the  ooat,  as  shown  in  figure:  lie 
gives  no  details,  but  he  merely  mentions,  that  the  velocity 
of  these  boats  will  be  |preater  than  if  they  were  propeUed 
by  oars.    J)e  Re  Militant  lib.  xi.  p.  2.  Verooae,  147S. 

Pancirollas,  a  celebrated  professor  at  Padua,  in  16S7,  saw 
an  anoieat  bas-relief,  which  ivpreseated  a  galley  with  three 
wheels  on  each  side  of  a  boat  tamed  by  three  pair  of  oxen. 
And  be  observes,  that  they  would  have  a  greater  velocity 
than  the  swiftest  th.Teo4ecked  gallies.  Re§  Memorabile$t 
p.  1S7-  AmbergsB,  1699. 

An  old  English  writer  on  military  subjects  says:  **And 
furthermore  you  may  make  a  boate  to  go  without  oares  or 
sayle,  by  the  placing  of  oertain  wheeles  on  the  outside  of  the 
boat,  in  that  sort,  that  the  armes  of  the  wheels  may  goe  into 
the  water,  and  so  turning  'the  wheels  by  some  provision,  and 
so  the  wheels  shall  make  the  boat^  goe."  /aveatton,  or 
Devieet^  hytfiUiam  Bourne,  p.  IS.  London,  187B. 

Edmund  Bnshnel,  a  shipwright,  describes  **  a  mode  of  rowing 
•hips  by  heaving  at  a  capstan,  useful  in  any  ships  becalmed.** 
He  connected  the  oars  on-  each  side  of  the  vessel  together,  and 
he  gave  them  the  alternate  backward  and  forward  movement, 
by  attaching  the  connectmg^ieoes  to  ropes  which  were  wound 
and  unwound  by  the  capstan.  Compleat  Shipwright,  p.  56, 
fourth  edit.  1$79. 
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Thii  W9M  the  meelHiiiism  ht  wanted  i  but  before 
lie  coald  avail  hinwlf  of  to  fine  a  thought,  it  was 
necessary  that  he  should  contrive  to  convert  the 
alternate  motion  of  his  piston-rod  into  a  eontinn* 
ens  rotary  one.  To  one  so  well  acquainted  with 
mechanical  contrivances  there  could  he  little  diflU 
culty  in  doing  this;  watchmakers  piaetised  va^ 
rious  modes  of  converting  the  one  motion  into 
the  other,  and  the  one  which  occurred  to  Papin 
was  suggested  by  clockwork  mechanism.  A  rack, 
b,  was  placed  on  the  p)8ton-rod>  working  into  a 
pinion,  a,  fastened  on  the  axle  of  the  revolving 
paddles.  He  employed  two  or  three  steam 
cylinders^  and  when  the  piiton  of  the  one  was 
ascending  that  of  the  other  was  working  down^ 
-wards,  aiMl  as  this  would  give  contrary  motiona, 
one  was  detached  while  the  other  was  in  action, 
and  by  this  means  bis  motion  could  be  m94^  con- 
tinuous and  tolerably  regular. 

A  koru  **  tow-vesi9l**  was  nssd  st  Chathsai,  is  1688. 
It  was  eonstmcted  with  «  ¥rhe«l  od  each  side  of  ths  ytaatl, 
eonnteted  by  an  axle  going  aeross  ths  boat,  and  the  vaddles 
were  made  to  revolve  by  horses  moving  a  wheel  tun- 
ing by  a  tmndle  fixed  on  the  axle.  It  drew  Vat  fcttr  and 
a  ball  feet  of  water,  and  towed  the  greatest  ships  by  the  help 
<of  four,  six,  or  eirht  horses :  the  wheels  were  pennanently  fas- 
tened to  the  side  of  the  boat ;  the  capstan,  to  which  the 
horses  were  yoked,  was  not  that  of  the  boat.  ISmierv*i  Navi- 
^oHo*  Jmprtned,  p.  18.  London,  16d3.  This,  probably,  is  the 
identical  vessel  mentioned  in  the  text. 


CHAPTER  FOURTH. 


**  BUT  AVTEB  ALL,  COURTEOUS  BXADKB,  X  SHALL  COUBT  TOU 
TO  Xro  PARTIALITY  ON  MT  SIOX,  BUT  LEAVX  TOU  AT  TOUR 
LIBERTY  TO  JUDOB  Of  MT  PERFORMAirOB  AS  YOU  WOULD 
HAVE  ANOTHER  JUDOE  OE  ANY  INVENTION  OF  YOUBS.  ALL 
THAT  I  DE8IBE  IS,  THAT  THE  WOBLD  WOULD  ACT  HONESTLY 
AND  UPON  THE  84)UABE  WITH  ia,"-^Savertf, 


•  a 


•  • 


AfTBB  abftractins  Ihow  Khpmei  vhich  tnty  Iw 
coniideted  as  mere  sugeeKtloDi  of  Bpeenlativ«  ca- 
ptl«e,  or  iagenlona  Whim,  If  tbe  Seld  ot  improve* 
meol  Bppeari  of  luriowed  dimension,  the  toil,  at 
least,  is  of  a  TBloable  and  prodnclive  character. 
Tbe  elegant  toys  of  Heto,  the  beautifal  eipeii- 
mcDls  of  Porta  and  Decaui,  the' modiflcalioD*  of 
the  Greek  mBchine  bj  the  unknown  Italian,  the 
practical  merit  ot  (he  "water-commanding  en- 
gine," the  iDgenioDi  Ideei  of  Hantefeiillle,  and 
their  maBleilj'  eitention  and  developement  by 
Papin,  contaio  all  the  rudiments  reqaired  tot 
a  perfect  machine,  wailier  only  to  betooohed  by 
the  wand  of  some  mebhanioal  ms^cian,  lo  font)  « 
slmctiiTe  of  nitpossldg  ii^eauilj,  and  semi-omnl' 
|it)ti>Di  power. 

Th«  total  neglMl  witti  which  these  indiTidiut 
•chemet  were  re:|arded,  ia  not  tbe  least  eilnardi' 
BBrj  cireuisstance  in  the  hialorj  of  (he  ■tean.ea^Bi«s 
bM,  above  all,  the  oblivion  which  followed  that  of 
Lord  WmmsIw,  wboie  uocoBqMtabU  penerat* 

K  S 
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ance,  at  the  lowest  ebb  of  his  fortune^  found 
means  to  carry  his  splendid  ideas  into  practice. 
It  appears  improbable,  but  that  his  mechanism^ 
whatever  it  was,  was  forced  upon  the  attention 
of  many  parties  connected  with  the  draining  of 
mines :  and  from  the  character  of  the  marquess 
it  is  equally  remote  from  belief,  that  he  would 
fetter  the  introduction  of  his  invention  into  ge- 
neral use,  by  a  high  price  asked  for  his  permis- 
sion to  use  it.  The  utter  novelty  of  the  nature  and 
power  of  the  agent,  an  ignorant  and  absurd 
idea  of  its  danger,  and  the  total  want,  probably,  of 
any  mechanical  means,  except  that  of  mere 
strength  of  parts  to  guard  against  accidents,  may 
have  been'  ihe  real  causes  of  its  neglect^  and  ex- 
clusion from  practice. 

'  Thirty  years  after  Lord  Worcester's  death,  a 
brilliant  ray  of  improvement  suddenly  bursts  into 
the  history  of  the  steam-engine,  from  the  consum* 
mation  of  the  labours  of  a  Captain  Thomas  Sa- 
very,  who  had  been  silently  employed  in  combin* 
KQg  a  mechanism,  in  which  elastic  vapour  was  the 
taiotive  power. 

•  Of  the  history  of  this  distinguished  man  little  is 
known.  He  is  to  be  classed  with  those  whose  ' 
names  alone  survive,  as  connected  with  discovery  ' 
or.improvemenitandto  be  mentioned  with  honour, 
only  to  heighten  the  regret,  that  of  a  man  of  whom 
we  desire  to  know  so  much,  we  should  know  so 
littk.  From  his  pamphlet,  on  **  rowing  ships," 
it  appears  that  he  was  a  person  of  substance^ 
known  to  and  patronised  by  individuals  among 
the  bigher  classes  of  bis  countrymen.  A  con- 
t^apomry  incidentally  mentions  his  being  a 
icommiasioner  of  sick  and  wounded  seamen  ^ 
'a  station,  in  his  time,  as  it  is  now,  of  re^pon- 
aibiUty  m^  honourt    Oth^r  ^uthors^  doQ^ived.  bjr 
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the  title  geoemHy  prefixed  to  his  name,  profess 
their  surprise  at  a  "  seafaring'  man  "  being  so  well 
informed  in  mechanics.  The  inference  of  his 
being  a  naatical  man  is,  howeveT,  liable  to  much 
doubt.  In  one  of  his  publications  he  says,  that,  at 
an  early  period  of  his  life,  his  attention  was  early 
directed  to  water-works ;  but  he  almost  expressly 
says,  that  he  never  was  a  seaman :  for  speaking  of 
introducing  an  invention  of  his  into  ships,  he 
says,  '*  I  believe  it  may  be  made  useful  to  shipsi 
but  I  dare  not  meddle  with  that  matter,  and  leave 
it  to  the  judgment  of  those  who  are  the  best 
judges  of  maritime  affairs."*  He  was,  probably* 
the  director  or  proprietor  of  a  mine,  and,  as  such, 
was  known  by  the  title  which  is  even  now  appro- 
priated to  the  same  officer. 

lie  is  first  presented  to  our  observation  as  an 
author  of  a  scheme  for  rowing  ships  in  a  calm, 
for  which,  after  obtaining  a  patent,  he  in  vain 
endeavoured  to  procure  the  patronage  of  govern* 
ment.  ''The  trial  of  my  scheme  was  unjustly 
thwarted  by  one  man's  humour,"  said  Savery. 
'^  A  regard  to  my  duty,  as  well  as  place,  will  not 
permit  me  to  give  a  biassed  opinion,"  said  the 
umpire.  "  But  I  have  tried  it,"  replied  the  pro- 
jector, *'on  a  small  scale,  and  it  answered  com- 
pletely." ''So  have  we,"  said  the  servants  of 
government,  ''and  in  our  trial  it  failed  com- 
pletely/'f 

*  Miner's  Friend,  p.  33. 

i  **  I  was  necessitated  to  write  my  book ;  for  after  I  had 
Taeked  my  brains  to  find  ont  that  which  a  great  many  kave 
•pent  several  years  in  vain  in  the  parsnit  of,  when  I  had 
brought  it  to  a  draught  oa  paper,  and  fonnd  it  approved  by 
those  oominonly  repated  ingei&ioas,  and  leceiviQir  appla.usew 
with  promises^of  jgreat  reward  from  coart,  if  the  thing  woold 
answer  the  end  for  which  I  proposed  it;  after  I  had,  witb 
grsfftt.Qhargs,  aad.ssveral  expejrimeatst  brought  it  to.  ^  bsyond 


104  gikTftftVfl'AfFBAi. 

In  tke  fNnnphlet  in  which  Sarery  appeafi  from 
their  jad(pneiit  to  that  of  the  public,  he  pays  \em 

Ifkti  t  tver  promised  or  expected  mTseli^  at  last  one  man's 
omoar,  and  more  than  a  humour,  totalljr  obstructed  the  use 
of  my  enfftne,  to  my  no  small  lots  ;  but  it  is  the  nature  of 
tonui  peofrte  to  deery  all  inTentioDSt  kov  serrieeable  soever  te 
the  pnUUo,  that  are  not  the  fwodaet  of  their  own  brains.'' 

He  gare  an  aecoant  of  it  to  secretary  Trenchard.  *'A. 
WW  days  after  the  secretary  told  me  that  the  king  had  eeen 
my  proposals,  and  that  I  need  not  fear,  for  that  the  king  had 
peonueed  me  a  Tory  oonsiderable  reward,  and  that  I  miut  gm 
to  the  lords  of  the  admiralty  to  put  it  in  practice;  but  titat 

tst  I  must  make  a  tnodel  of  it  in  a  wherry ^  which  I  did^  and 
And  it  to  ahswer  my  expectations.  Then  I  showed  a  draft 
of  it  to  the  lords  of  toe  aamiralty,  who  all  seemed  to  like  it| 
and  one  amoncst  them  was  pleased  to  say,  that  it  was  the  beei 
proposal  of  the  kind  he  ever  saw :  so  1  was  referred  from 
Qiem  to  the  commissioners  of  the  navy,  who  all  seemed  to  like 
it,  but  told  me  that  the  model  mnsi  be  serreyed  by  Mr.  P  ■» 
Ijbe  ■wrroyor  of  tftie  navy,  whose  opinion  I  asked ;  bat  he  was 
very  reserved,  and  said,  *  that  a  wherry  was  too  small  a  tkin^ 
to  show  it  in,  there  being  no  workine  at  a  capstan  in  a 
irherry ;'  but  he  told  me  *  it  was  a  thmf  of  moment,  and 
rehired  some  time  to  consider  on;  for  should  J,*  said  hs, 
*  fiTe.  a  rash  judgment  against  it,  I  ehoold  injure  yon ;  or 
fi>r  itf'  the  charge  of  putting  it  in  practice  must  prove  a  loss  tq 
the  king,  and  endanger  my  employ.* " 

After  fbur  months*  consideration,  Dummer  gave  Ms  opinion 
against  Savery.  It  was  neither  a  new  nor  a  practieabla  jmrtm* 
tioa,  being  similar  to  one  used  at  Chatham,  in  1680,  which  waa 
abandon^  and  he  designated,  though  rather  disingenuously, 
the  capstan,  and  its  trtindle,  as  "  clockvfork  ;*'  ana  al^ouni 
Savery  **  exhibited  his  wherry  on  the  Thames,  and  thonsaaibi 
of  people  were  eye>wltneeses,  and  aU  people  seemed  to  like  it* 
the  public  newspapers  speaking  very  largely  of  it,  yet  all  to 
no  purpose."  (p.  18.)  Tne  inexorable  lords  of  the  aamiralty 
were  **so  much  altered,  that,  from  commending  the  thing, 
they  would  not  hear  one  word  in  its  defence."  (n.  10.)  $&• 
tery,  notwHhsiandiBg,  **  beiag  informed,  by  Sir  Martin  BeA- 
Ban,  tiie  greatest  engineer  in  the  Christian  worid,  that  tha 
thiag  was  good,  got  a  noble  lord  to  show  a  draught  of  it  to  the 
kin*  a  MMMid  time,  who  ordered  me,"  says  Savery,  **  again 
in  the  admiralty,  who  never  ordmed  me  in  b^re  tiiem,  but, 
lifter  waiting  two  or  three  days,  tiie  doorkeeper  told  me,  dial 
aiy  buswess  lay  before  the  imhw.    Upon  which,  next  day,  I 

«iritad  a  Mead  of  teiae  to  ga  latl  Bw  to  tlw  ■•T^(laM.  ttil 


fttte&tiob  to  the  leaaoiii  niged  agAiatt  its  ftov«Hy 
as  well  as  practicability,  than  they  were  fairlf 

he,  being  a  man  of  extraordinary  judrment,  and  no  less  retn** 
tation,  might  be  an  evidence  to  what  aiseonrse  might  hapfKBa« 
but  eomin^p  to  the  nary- office  we  found  the  board  was  vom« 
However,  m  the  hall  I  round  Mr.  D- — ;  I  a«ked  him  whetbcf 
any  thin^  was  come  before  the  board  concerning  my  business^ 
*  No,*  said  he,  *  not  since  the  objections  sent  to  tbe  l6rds  of  thtf 
admiralty ;'  on  which  he  oonld  not  but  fall  into  an  argameat. 
I  juked  him  some  qaestions  in  relation  to  his  objectimis,  aadi 
in  a  very  little  time,  we  had  a  great  pnfher  abont  snperara- 
bient  air  and  water.  I  foond  that  my  sailor  ran  himself  fast 
a|[roand,  as  men  commonly  do  when  oat  of  their  knowledge; 
tills,  indeed,  made  me  pitynim  again,  although  I  was  willuif 
to  come  at  the  plain  truth  of  the  matter,  and  asked  him 
whether  or  no  he  could  not  bring  one  hundred  and  fifty  men  to 
work  at  this  engine,  he  answered  jes ;  then,  said  I,  will  they 
not  have  as  much  power  to  give  a  ship  motion,  as  one  hundred 
and  fifty  men  would  have  on  shore,  at  a  hawser  fastened  to 
the  ship;  this  he  likewise  answered  in  the  affirmative.  Then, 
•aid  I,  it  will  do  more  than  oars,  or  any  thing  but  a  gale  of 
wind,  and  fully  answer  my  proposals.  Well,  said  he,  with  a 
amile,  and  putting  ofiF  his  hat  as  taking  leave,  *  Ws  are  all 
aabmission  to  the  lords  of  the  admiralty.' 

**Not  long  after,  a  friend  of  mine  met  a  oommissionerof  th« 
navy,  and  my  friend,  being  jwrfectly  acquainted  with  my  con- 
trivance, asked  the  commissioner  why  it  was  not  put  in  use  by 
Aem  ?  The  gentleman  offered  several  objections,  which  were, 
by  sound  reason,  fully  answered  by  my  friend,  that  he  had 
jsnly  this  hole  to  creep  out  at.  *  Sir,'  said  he,  *  have  we  not  a 
'parcel  of  ingenious  gentlemen  at  the  board  ?*  *  Yes,*  said  mv 
friend,  *  I  hope  so,  or  five  hundred  pounds  per  annum  is  paid 

them  to  a  fine  purpose.'   *  Is  not  Mr.  D ,*  says  the  comraia^ 

aioner,  *  one  of  them,  and  an  ingenious  man  V  *  I  hope  so,'  ooo,« 
tinned  my  friend.  *Then,'  said  he,  *  what  hhve  interloping 
.people,  that  have  no  concern  with  us,  to  pretend  to  contrive 
or  invent  any  thing  for  us  ?*  *' 

Savery,  whose  blnntness,  probably,  was  no  Tecomrnendfl*-* 
tion  to  his  application,  has  several  flings  at  the  "  boMds,'. 
and  his  statement  is  wound  up  by  a  dexterous  one  at  the  con 
-tents  of  courtly  Dummer*s  wig.  "Whoever  is  angry  with 
truth  for  appearing  in  mean  language,  may  as  well  be  angry 
with  a  wise  and  honest  man  for  his  plain  habit ;  for,  indeed,  it 
.u  as  common  for  lies  and  nonsense  to  be  disguised  by  a  ji»- 
.gle  of  words,  as  a  blocidiead^to  be  hid  by  abusdanoe  of  pa- 
^okQ."  XfQvigation  Iniprovedj  p.  33. 
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ODtitM  lo  reeeive.*  In  liii  mentiiteBt  he  mjB, 
that  "not  a  tittle  will  he  disclose  of  t^ro  ether  ia^ 
ventions  of  his  until  he  has  justice  done  him  oa 
•ccount  of  his  rowing  engine.  The  first  of  these 
WM  "a  gin  of  fourteen  inches  square*  portable  by 
one  mafli  and  b^  which  one  man  may  lift  the 
largest  cannon  into  her  carriage.'*  The  second 
contriTance  was  a  method  whereby  he  could  fight 
any  ship*  **  using  charge  and  discharge  at  often  as 
six  do  now,  and  to  as  much  purpose*  without  any 
manner  of  incommodation*  more  than  by  tlMi 
common  way*  so  that  one  half  of  the  men  need 
Hot  be  exposed  that  now  are*  and  the  rest  may  be 
kept  as  a  reserve  for  boarding ;  the  benefit  oi  thia 
I  leave  to  the  ingenious  sailor.'^t 

*  NavfgaHoU  In^rotfed^  or  the  art  of  rowing^  >1iips*  of  sU 
rates,  id  calms,  with  a  more  easy,  swift,  and  steady  noti<nl 
fltan  oars  can,  by  Tho.  Savery,  f^nU  London,  1690.  In  1098, 
a  M.  Dttquet  made  seTeral  experiments  at  Marseilles,  at  ths 
expense  of  the  King  of  France,  to  navigate  a  vessel  bj  revolv^ 
1n^  paddles,  or  wheels,  instead  of  oars.  The  results  of  these 
trials  were  very  satisfactorv,  and  stronrly  directed  the  attett- 
tion  of  philosophers,  as  well  as  meehanies,  to  the  practicabi*' 
lity  of  this  applicatioa  of  Water-wheels.  AfiscMaM  appfom- 
bSeit  tome  i.  p.  173. 

t  Sir  Isaac  Newton,  in  a  report  (dated  LMcesterfleld; 
January  S7,  1719)  Which  he  made  to  the  ipoveniment,  on  the 
practicability  of  an  invention  for  measunng  a  ship's  way  at 
Sea,  mentions  flatery  as  the  inventor  of  this  machuie,  and 
notices  another  of  his  eontrivanoes.  **Mr.  Savery,  who  im* 
tented  th«  raisin^^  of  water  by  fire,  told  me,  abont  six  years 
1^,  that  he  had  mveated  an  instrument  to  measure  the  dis- 
tance sailed,  and,  by  hia  description,  tiiat  instrument  wab 
much  like  this,  (the  one  submitted  for  his  opinion,)  the  sea- 
water  driving  round  the  lowest  and  swiftest  wheel  thereof.  And 
that  wheel  dririnc  rouhd  other  wheels,  the  highest  and  lowest 
6f  which  turned  about  an  index  to  show  tiie  length  of  the  waip 
sailed.*'  *  ' 

Savery  complained  of  one  of  his  inventions  being  neglected, 
■from  its  ressmbling  a  mechanism  with  which  he  was  nnse- 
quatnted ;  but  Savory's  one,  which  is  now  mentioned,  was  it- 
self only  a  copy  from  aadther  described  by  Boomo*  is  hie 


The  mfhiMiaBin  of  iktt  pi«^#<s40r  wfif  fofteqed  in 
Captain  fiarery  by  the  esp^rieocQ  pf  a  pmctical 
mechanic ;  and  he  eariy  app^aff  tp  haye  (Mquiraf) 
tfiat  p^nonal  conatdaratioii,  which  «#aaUy  ipUows 
^  man  ol  gsenius  and  enterprife>  when  hi«  hcthifiP 
ate  tfaoai  St  a  man  of  buiineM. 

At  the  fint  aaBOuncement  of  bii  mAehin/Q  fpr 
faiBing  ivater,  he  bad  so  mAturod  hi9  idean^  an^ 
was  so  veil  versed  in  the  uatiife''iuid  pow^ 
0i  the  motire  agent,  that  his  aiMtarl|r  ««ff>hir 
nation  has  left  but  minor  objecta  Ua  improver 
ment  to  succeeding  engineers*  His  mode  also 
of  introdacing  his  iaventioa  to  the  notice  of  th# 
public  was  totally  difiecent  from  that  wbiah  hid 
been  followed  by  former  projectors.  They  enve^ 
loped  every  thing  in  mystery,  and  ^ndafivoored  to 
Attract  Attention  by  exaggerated  stat^maots  ul 
fowei  or  economy.  His  first  step  was  tfi  explaill 
to  ev«y  one  the  principles,  as  well  as  caBstra<M> 
tion»  of  his  apparatus :  he  showed  why  it  was  A 
cheapa  power  than  that  of  horses  of  aiaa  |  Ai4 

layeiitio9*»  ss  produoed  b  v  a  Humphrey  Cote.  Da  StQiftaMk 
MiMAiaajB,  ia  bis  tara^  or  Ssirery's  scbems^ipg  reoiembtrjoi 
by  bir  Isaac  only  to  get  rid  of  his  claim.  The  piotvxe  hp 
dxawB  of  his  pursuits  and  projects  i?  an  exc«ll«int  likeness  ot  a 
larj^e,  b«t  harmless  class — can  it  be  named  t— of  Umple  s^^niF 
er«. 

**  Ke  wss  fk«  sea  of  l>e  S«w|iar6z«  chuplMm  to  Cbarlss  Ih  i 
atthonffb  be  was  bred  in  Holland  to  l^m  oojztiQ^rp/e,  )^  pfiJl^ 

Slied  himself  to  any  trade  or  profession,  bat  in  cut  easy'cu^ 
t  enjovment  of  his  smaU  estate,  in  tke  island  of  Oaemsef, 
mScuw  dt\Mnioo  in  the  experunental  put  of  naAi«a«tif3i> 
Ivs  Renins  or  inciUniition  beijic  Ijbj^  w^y  tor  wsfb'^y  wA  W 
yentaons,  wherein  be  speot  aboat  twenty-two  yearp  last  pa^^ 
^nfining  himself  to  a  retired  sort  of  Jlife,  wt.tbin  his  little  elSf* 
beratovy ;  and  of  late  he  fixfd  his  pjrajeets  ^pem  a  partiettlaf 
invention,  towards  the  improyement  of  navigation,  ¥f]M^ 
Im  eoold  W9fi  brin^  £i>rlb  to  effect  19  tbe  isXand  for  want  of  able 
irorkmei^ ;  but  be  came  to  London  on  purpose,  and  he  natb 
aetaaUr  began,  and  hopes,  with  the  bldssmg  of  Qod«  to  bxint 
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he  invited  practical  men  to  judge  for  themselves 
of  the  value  of  his  assertions  and  statements,  by 
an  inspection  of  the  machine  itself  in  operation. 

The  influence  of  the  court  was^  at  this  period^ 
considered  to  be  essential  to  the  success  of  any 
speculation  which  required  the  aid  of  a  mono^ 
}>oly.  The  profits  might  be  diminished  or  over- 
thrown by  the  obstacles  which  avarice  and  in^ 
trigue  could  then  interpose  in  that  quarter  to  its 
further  progress;  and,  from  this  circumstance^ 
considerable  importance  was  attached  to  having 
the  countenance  of  those  in  power  to  any  project 
in  which  the  pecuniary  risk  required  to  be  exten- 
sive; and  Captain  Sa very  might  be  said  to  be  con- 
forming to  an  almost  common  practice,  when  he 
exhibited  a  working  model  of  his  flre-engine  be^ 
fore  King  William,  at  Hampton-court.  That 
monarch,  who  himself  had  a  mechanical  turo^ 
^as  so  pleased  with  its  ingenious  construction 
And  efifective  action,  that  he  took  a  warm  interest 
IB  its  success,  and  permitted  its  author  to  inscribe 
to  him  the  account  which  he  published  of  his 
contrivance,  under  the  title  of  ''The  Miner's 
Friend." 

.  The  great  fame  of  the  Royal  Society,  then 
adorned  by  the  presidency  of  Sir  Isaac  Newton, 
made  its  opinion  to  be  listened  to  with  profound 
respect  in  matters  of  science  and  mechanics.  T6 
that  body  also  Captain  Savery  carried  his  invention  '; 
and  in  their  transactions  for  that  year,  is  a  record 
of  his  successful  experiment,  made  in  their  apart- 
ment, and  a  view  and  description  of  the  machine 
forms  the  subject  of  an  engraving  in  their  anuual 
volume. 

^  As  every  form  in  which  it  appeared  during  the 
lifetime  of  its  inventor  is  interesting,  as  showing 
the  steps  of  its  improvement^  the  model  Saveq/t 
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exhibited  before  the  Royal  Society,  in  1699/  will 
require  a  brief  description. 

In  the  engraving  marked  Savery,  the  pipe, 
hf  conducts  steam  from  the  boiler  (but  which, 
not  to  crowd  the  figure,  is.  omitted)  into  two 
receivers;  a  pipe,  u  branching  to  each  of  these 
vessels,  is  inserted  into  their  bottom,  having 
valves  at  e,  e,  d,  /,  opening  upwards,  and  pre- 
venting, by  their  action,  the  return  of  any  water 
which  may  have  been  forced  through  them. 
A  -pipe,  h,  proceeding  from  the  cistern,  abo 
branches  to  both  receivers,  and  is  inserted  into 
the  top  of  each.  Valves  are  placed  at  c,  c, 
by  which  a  communication  may  be  opened,  or 
shut'oif  with  the*  boiler,  and  each  receiver,  alter- 
nately, accordingly  as  they  may  be  adjusted;  one 
being  open  when  the  other  is  closed. 

Steam  from  the  boiler  being  permitted  to  flow 
into  either  of  the  receivers,  the  water  which  that 
receiver  contains  is  forced  by  the  steam  from  the 
boiler,  pressing  upon  its  surface,  up  one  of  the 
branches  of  the  pipe,  i,  and  when  the  vessel  is,  by 
this  means,  emptied  of  the  water  which  it  con* 
tained,  and  filled  with  steam,  by  turning  the 
cock,  or  valve,  c,  the  communication  with  the 
boiler  is  shut  off;  cold  water  is  then  poured  over 
its  surface ;  this,  cooling  the  apparatus,  condenses 
$he  steam  which  it  encloses,  and,  by  this  means,  a 
vacuum  is  formed  within  the  receiver,  and  the 
pressure  of  the  atmosphere  forces  the  water  of  the 
cistern  up  the  pipe,  A,  into  the  empty  vessel. 
At  the  instant  in  which  the  steam  was  shut  out 
from  the  one  receiver,  by  turning  the  other  valve 
it  was  permitted  to  flow  into  the  opposite  one, 
and  it  forces  the  wat^r  which  it  contains  up  the 
jpipe;  ?*,  during  the  time  that  the  condensation  is 
*  FhiL  Transitions,  vol,  ni.  p.  2S8. 
I. 
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has  expelled  all  the  water,  and  completely  fills  thii 
receiver,  cold  water  is  thrown  on  the  outside  of  the 
Teasel ;  the  steam  within  it  is  condensed  also,  and 
the  pressure  of  the  atmosphere  acts  again  to  raise  th4 
water  of  the  cistern  up  the  pipe,  h,  into  the  second  ie* 
ceiver,  in  which  a  vacuum  has  thus  been  produced. 
The  cock,  e,  by  which  the  communication  wat 
interrupted,  when  the  first  receiver  was  filled  with 
tteam^  is  now  turned  the  contrary  way ;  the  steam 
hgain  flows  into  that  vessel,  which  has  been  in  the 
interval  filled  with  water,  and  begins  to  force 
the  fluid  upwards,  as  before;  and  this  alternate 
emptying  and  refilling  of  the  cylinders  may  be 
prolong^  at  pleasure. 

Such  was  the  first  form  of  Savery*s  celebrated 
engine  for  raising  water  by  fire:  before,  however^ 
he  offered  it  as  a  machine  admirably  adapted  for 
the  purpose  of  raising  water  from  mines*  many 
essential  parts  were  to  be  added,  and  all  were  to 
be  constructed  to  offer  a  precise  and  determinate 
ftction. 

These  appear  to  have  been  supplied  before  1703^41 
at  that  time  he  dates  his  address  to  the  ^'Gentlemed 
Adventurers  in  the  Mines  in  England,*'  and  gives  ft 
detailed  account  of  the  construction  and  action  of 
his  machine,  a  concise  view  of  some  of  its  advan« 
tages,  and  enumerates  the  purposes  to  which  it 

*  t%e  MiMr*s  Priend;  or  s  deacription  of  aa  M^ise  ibf 
num&r  waier  by  fire,  witb  aa  answer  to  the  objeotion&M^ujwt 
it.  By  Thomas  SaTery,  Gent.  London,  170S.  Re|miit*d, 
soon  alter  its  publicatton,  ia  a  quarto  form,  along  with  D&> 
eau8*s  book.  "A  new  and  rare  invention  of  water* works, 
leaching  how  to  raise  water  hif  her  than  the  spring,  as  also  * 
description  of  Captain  8af  ery*s  eajnae  for  raising  vast  qvan? 
tUies  of  water  by  fire.**  London,  1704,  The  experiments  on 
steam  are  omi  tted  in  this  reprint  also  of  D^cans.  ThS  et^rav^ 
ing  prefixed  40  tli*  JltiMr'f  Frimt4  is  given  ia  tkis'  volome. 
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XovM  h0  »|ip]ieil  -vil)i  gve^ter  eoQiKunj  tkftn  the 
Jubour  of  animal9. 

SuiprisiogM  it  aeema,  yet,  with  all  this  publicitf 
ed4  honourable  candour,  the  admirable  Savery, 
.W98  nearly,  in  hit  career,  experiencing  the  negleot 
«Bd  failure  which  had  attended  Lord  Worceste^a 
«iiiular  one,  thirty-five  ^ears  before.  The  general 
inciedulity  attached  to  sohemea  of  projectors,  not 
only  exeused  the  oppositioo  and  ignorance  of 
4fao8e  whose  interest  (in  their  own  view)  was  op* 
posed  to  its  introduction,  but  deterred  others  from 
^ivini^  it  a  trial,  whose  property  was  rapidly  dete- 
riorating IroBi  the  want  of  that  assistance  which 
Savory's  engine  was  so  well  fitted  to  be$UnB. 
To  the  latter  he  said, ''  I  leave  it  to  your  consider- 
ation, whether  it  be  worth  your  while  to  make 
•use  of  it  or  no.  But  let  not  the  failures  of  others 
prejudice  me,  for  I  have  fpared  neither  time,  nor 
pains,  nor  money,  till  I  had  absolutely  conquered 
•0irery  dil&oulty.  Its  power  is  in  a  manner  infinite 
end  nnlimitedi  and  will  draw  you  water  five  hun- 
dred or  one  thousand  feet  high,  were  any  pit  so 
ideep»  and  that  you  could  find  us  a  way  to  procure 
strength .  enough  to  support  such  an  immense 
-weicht  as  a  pillar  of  water  one  thousand  feet 
high  would  prodnce.  I  dare  undertake,  that  this 
.engiae  shall  raise  you  as  much  water  for  eight- 
pence,  as  will  cost  you  a  chilling  to  raise  the  like 
•with  your  old  engines,  which  is  thirty  -  three 
pounds  six  shillings  and  eightpence  saved  out  of 
.every  hundred  pounds  a  brave  estate  gained  in 
ene  year  out  ol'  sueh  great  works,  where  three* 
six,  Off  it  may  be  eight  thousand  pounds  per 
•annum  is  expended  for  clearing  their  mines  of 
water  only,  besides  the  repair  of  giosi  engines, 
Jieriefi  &••"  * 

f  Miner**  Friesid,  p.  7J^. 
hi 
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To  the  artisans  engaged  in  the  constitiction  of 
the  common  machinery,. and  who  dreaded,  in  the 
introdnction  of  a  new  machine,  the  loss  of  that 
employment  which,  from  time  immemorial,  had 
been  derived  from  the  erection  and  repair  of  the 
old,  he  urged,  that  still  they  would  be  more 
than  amply  employed  by  the  opening  of  other 
channels  for  labour.  "The  cheaper,"  he  says 
to  them,  "  that  water  is  drawn,  the  more  is  the 
miner  encouraged  to  adventure;  the  more  tlie 
miner  adventures,  the  more  pits  or  shafts  mast 
be  sunk ;  the  more  pits  and  shafts  mast  be 
sunk,  the  more  wood>woik  will  be  necessarily 
employed  in  timbering  them.  The  windlasses, 
and  other  utensils  used  of  wood,  must  be  more, 
which,  by  increasing  the  carpenter's  trade  in  ge- 
neral, will  make  them  sufficient  amends  for  the 
loss  of  a  small  branch  of  their  business  in  gin 
making.*** 

Lest  their  fears  should  not  be  allayed  by  this 
mode  of  stating  the  matter;  lest  they  might 
blindly  shut  their  eyes  to  the  fact,  that  the  exten- 
sion of  machinery  to  purposes  hitherto  performed 
by  human  power,  could  only  (after  a  season)  have 
the  tendency  of  raising  the  value  of  labour,  in 
general,  he  soothed  them  by  promises.  '<  I  shall 
never  employ  any  other  person,  in  making  pipes^ 
or  any  other  carpenter's  work  that  I  shall  have  to 
do,  but  the  person  who  was  before  employed  in  the 
work ;  for  it  is  not  my  design,  in  the  least,  to  pre- 
judice the  artificers,  or,  indeed,  any  other  sort  of 
people,  by  this  invention ;  but,  on- the  contrary,  ia 
intended  for  the  benefit  of  mankind  in  geninah^f: 

The  labour,  expense,  and  fatigue  of  invention 
had  been  surmounted ;  but  still  the  task  of  intro- 
ducing his  machine,  and  of  getting  a  fair  trial  f&t 
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HerculeM  esertioti  and  perseverance.  The  Binp 
4»f  former  projectors  were  remembered  to  the  diiir 
«dvanU»ge  of  Savery.  Again  he  Miy«,  *'Tiine  ou^ 
of  mind  there  have  been  moBntabaskt  and  im" 
poatori  in  all  CacuUiee^  who  pretend  to  grea^ 
ihingf  but  do  per£c>nii  nothing  effeotually*  and  it 
would  be  hard*  if  thi^  ftbould  be  drawn  into  con« 
lwqueDce»  that  becaoae  some  are  knaves  therefore 
none  are  honeet."  And  8avery  assured  the  "  genp 
ikmen  adveaturere  in  the  mines  of  England/'  that 
his  maehine  WA«  not  like  many  that  had  preceded 
him.  *'  1  am  pot  fond  of  lying  under  the  scandal 
of  a  bare  projector:  I  can  easily  give  grains  of 
allovanee  for  your  suaiMcioos,  because  I  know 
very  well- what  miscarriage  there  have  been  by 
neople  igDQiant  of  what  they  pretend  to.  Thessy 
-1  know,  hi^ve  been  so  frequent,  so  fair  and  so  pro- 
inistBg  at  firstj  but  so  short  of  performing  what 
they  pretended  to,  that  your  prudence  and  discre- 
tion will  not  now  suffer  you  to  believe  any  thing 
without  a  demoaatcation,  your  appetites  to  new 
iaveuiions  of  this  nature  haviag  beeu  balked  iOQ 
often;  yet,  after  all,  1  must  beg  you  not  to  con^ 
4emB  me,  before  you  have  read  what  I  have  to 
aay  for  myaelf,  and  let  not  the  failure  of  otheif 
■prajudiee  dm,  or  be  placed  to  my  account.  'I  hav^ 
••ften  lamented  the  want  of  onderstaading  the  tru# 
•pewera  of  nature,  which  misfortune  hatl),  of  late, 
•put  some  OB  oMiking  such  vast  engines  wkI  aaar 
^ines,  both  tiowblesome  and  expensive,  yet  of 
HO  maaner  of  use  i  inaamuGli»  as  the  old  eoginep 
weed  mangr  ages. past  for  exceeded  them,  and,  I 
lear,  whoever^  by  the  old  causes  of  mciioD,.  pjre- 
tasda  t*  improvements  within  ^his  feist  centuif 
ibes  betaay  his  Mowledge  and  judgment;  fe^ 
more  than  one  hiudrod  years  since  men   and 

l3 
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horses  would  Take,  by  engines  then  made,  as 
much  water  as  they  have  ever  since  done,  or,  I 
believe,  ever  will,  or,  according-  to  the  law  of  na- 
ture, ever  can  do ;  and  though  my  thoughts  have 
been  long  employed  about  water-woifcs,  1  should 
never  have  pretended  to  any  invention  of  that 
kind,  had  I  not  happily  found  out  this  new,  yet « 
much  stronger  and  cheaper  force,  or  cause  of  mo- 
tion than  any  before  made  use  of.  But  finding 
this,  of  rarefaction  by  fire,  the  consideration  <^ 
the  difficulties  the  miners  and  colliers  labour 
under  by  frequent  disorders,  cumbersomenessy 
and,  in  general,  of  water-engines,  encouraged  me 
to  invent  engines  to  work  by  this  new  force  ,*  that 
though  I  was  obliged  to  encounter  the  oddest*  and 
almost  insuperable  difficulties,  1  spared  neither 
time,  nor  pains,  nor  money,'  till  I  had  absolutely 
conquered  them."* 

One  of  his  greatest  difficulties  arose  frqm  the 
want  of  skill  in  his  workmen ;  but  this  he,  in 
the  end,  succeeded  in  surmounting;  and,  in  1709, 
he  writes,  that  '*  he  had  met  with  great  difficulties 
and  expense  to  instruct  handicraft  artificers. to 
form  my  engine  according  to  my  design ;  but  my 
workmen,  after  so  much  experience,  are  become 
such  piasters  of  the  thing,  that  they  oblige  them- 
selves to  deliver  what  engines  they  make  me  ex- 
actly tight  and  fit  for  service,  and,  as  such,  1  dare 
-warrant- them  to  any  body.  So  I  hope  I  may  urn- 
sure  myself  of  due  encouragement  from  the  inge- 
nious, who  are  ever  studious  to  promote  all  inven- 
tions useful  and  beneficial  to  the  public ;  for  they 
inust  conclude,  that  an  engine,  which  for  some 
time  has  daily  employed  the  best  artifiaers  to 
%oTk  on  it,  wa»  not  to  be  brought,  forth  in  oae 
day*;  and  to  bring  it  to  that  periBction  vou  now 
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find  H»  must  have  coifc  me  aad  my  friends  not  n 
little  money  to  make  workmen  capable  of  their 
work»  with  that  certainty  and  exactness  they  now 
do."* 

.  The  first  use  to  which  this  admirable  mechanic 
suggested  the  employment  of  his  machine,  was  to 
raise  water  into  a  reservoir  to  produce  a  rotary 
motion  by  its  foil  on  a  water-wheel ;  and  be  then 
gives  some  directions  for  a  mode  of  estimating  its 
power.  *'  I  have  only  to  .  urge,"  says  he,  "  that 
water  in  its  fall  from  any  determinate  height  has 
simply  a  force  answerable,  and  equal  to  the  force 
that  raises  it ;  so  that  an  engine  which  will  raise 
as  much  water  as  two  horses  working  together  at 
one  time  in  soch  a  work  can  do,  and  for  which 
tfaeie  must  be  constantly  kept  ten  or  twelve  horses 
for  doing  the  same;  then,  1  say,  such  an  engine 
will  do  the  work  of  ten  or  twelve  horses."  He 
farther  proposes  to  raise  water  by  it  for  the  use  of 
*'  palaces  and  gentlemen's  houses  •"  *'  for  serving 
cities  and  towns  with  water;"  .for  '^ draining  fens 
and  marshes;"  and  remarks,  that  it  is  much 
cheaper  here  than  horse  engines,  '^especially 
wherft  (he  coals  are  water-borne."  He  believes 
it  may  be  useful  to  ships,  probably  for  pumpii^.; 
and,  lastly,  for  the  draining  '^of.  mines  and  coal- 
pits ;"  and  for  '*  the  cure  of  damps  •  by  the  air 
perpetually  crowding  into  the  ash-hole  and  ^re- 
place, as  it  is  natural  for  it  to  do,  and  with  a  most 
impetaous  force  discharged  with  the  smoke  at  the 
top  of  the  chimney,  the  contiguous  air  is  succes»- 
ively  following  it,  so  that  not  only  all  steams  of 
vapours  whatsoever  that  may  .or  can  arise,  must 
naturally  force  its  way  through  the  lire,  and  so  be 
discharged  at  the  top  with  the  smoke,  and  the 
-motixNi*of  tlie  fire. will. occasion  the  fresh  air  to 
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deacend  from  abo¥«>  and  b«fe  will  be  a  petpeiiial 
circulation  of  the  air«  and  with  that  swiftoets  ap  ia 
hardly  to  be  believed."  He  aUo  detcribef  an  ai*- 
rangemeot  by  which  it  could  be  applied  to  tha 
aatinction  of  fires,  ^*  without  tlia  haad  labaar  of 
pumping^  or  bailings  with  buckets." 

The  directions  he  gives  for  the  erection  of  hif 
aogine>  and  also  the  description  of  its  parts,  aw 
minute  and  circumstantial;  but  of  the  dimansiosf 
be  says  but  little.  The  furnace  was  so  contrived, 
that  the  flarae  took  a  turn  or  two  round  each  of  the 
boilers,  ^'  which,"  be  says,  '*  any  bricklayer  used  to 
lurnaces  could  manage,  it  being  performed  by 
running  a  row  of  bricks  round  them  both  like  a 
screw  or  worm,  which  being  contiguous  to  the  wali 
4of  the  furnaces  and  the  boilers,  makes  it,  as  U 
were,  a  worm- funnel  round  them  both."  Tha 
gveatest  boiler  belonging  to  his  engine  was  be- 
tween twenty *four  and  thirty  inches  diameter,  and 
-was,  when  occasion  requited,  made  much  aar- 
«ower  and  deeper.  An  engine  having  a  pipe  of 
delivery  of  three-inch  bore,  working  the  wat^ 
sixty  feet  high,  had  a  fire^'place  of  not  abova 
twenty  inches  deep,  and  fourteen  or  fifteen  inchea 
wide:  but  he  said,  that  '^the  quantity  of  coala 
■used  for  one  engine  in  a  year  could  not  easily  be 
■ascertained,  because  of  the  different  nature  of  the 
aevemi  sorts  of  coals." 

The  valves  of  his  engines  were  eonstracted  of 
'brass,  as  were  also  the  screws.  The  boilaniy 
«eeeiv<»'Sy  and  the  pipes,  communicating  from  tha 
-|Mt  to  the  receivers,  were  made  of  copper ;  the  di»- 
eharge  pipes,  in  his  engeavings^  ace  showa  aa 
nade  of  wood. 

•  The  five  eagmvings  narked  SmB^rf,  which 
«ie  giyaa,  it  is  hoped,  will  fiiUy  expiain  the  eoa- 
atroction  of  his  machiaa i  aad»  with  a  brief  enume- 
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ration  of  the  vftrious  parts  of  whfeh  it'  ii  eoiii« 
poied,  will  be  snfiicient,  to  explain  the  prineiple 
as  well  as  the  mode  of  its  action.  The  inveatot'a 
own  account,  given  in  his  treatise,  which  he  en* 
titled  the  ^  Miner's  ■  Friend,"  will  be  found  ai 
amusing^,  lively,  and  original  in  the  manner,  as  it 
is  candidj  ingenuous,  and  circumstantial  in  the 
points  connected  with  the  principle  and  opera* 
tion  of  his  exquisite  mechanism.  To  understand 
faUy  the  great  merit  of  Savery  as  an  invent<H',  it  it 
necessary  to  peruse  his  celebrated  treatise  ;  and  as 
the  original  edition  has  now  become  of  exceeding 
rarity,  and  great  price,  it  has 'been  reprinted  in 
tlie  same  size  vtiih  these  Anecd&tes,  and  is  sold  at  ft 
price  which  makes  it  accessible  to  all :  we  gladly, 
therefore,  refer  to  this  interesting  record  of  his 
genius  for  the  most  ample  details.  Here  our 
space  limits  us  to  a  brief  abstract  only  of  part  of 
his  description.  f 

The  engraving  numbered  II.  is  an  elevation  of  this 
apparatus;  IV.  a  section  of  the  same;  111.  contains 
some  of  the  parts  more  in  detail;  andthe  engraving 
having  the  title  Savery,  without  any  distinguishing 
number^  is  a  side  view  of  the  same  apparatus. 
With  one  exception,  which  we  have  noticed  in 
its  place,  the  same  letter,  in  all  the  figures  of 
the  plates  marked  Savery,  refers  to  the  same  parts 
of  the  mechanism :  a,  the  furnaces;  b,  B,the  fire-- 
places ;  e,  the  chimney ;  <2,  the  small  boiler ;  e,  its 
pipe  and  cock,  closed  by  the  8crew>/;  the  small 
pipe,  ff,  goes  within  eight  inches  of  the  bottom  of 
the  boiler ;  h,  a  pipe  of  greater  diameter,  is  inserted 
to  the  same  depths  having  a  valve  or  elaok^  i, 
opening  upwards;  the  pipe,  k,  may  be  considered 
a  continuation  of  the  box  containing  this  valve, 
and  is  inserted  about  an  inch  below  the  roof  of 
the  larger  boiler^  /;  m,  screws  which  adfoat  tiic 
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nig«laMr;9^a  mill  eoek  «ad  l>ipe  miiif  mhii»« 
what  sore  ibaii  halfway  into  the  laig^r  boiler ;  ««0| 
•teaoi  pipeiy  one  end  of  eaeh  being  inaerted  into 
the  foof  of  the  large  boiler,  asd  the  other  end  of 
each  being  iniert«l  into  one  of  the^  leeeiveraf 
pf  F,  fbrma  oonnniitticatioiit  betweea  each  of 
those  veiaeU  and  the  boilers }  q,  q,  are  the  sciewf 
by  which  the  pipes  are  fastened  together ;  r,  f^ 
lif  R,  vakes  or  elachs  of  brass,  coasUrQcted  so 
that  they  maf  be  opened  and  inspected  at  ple«* 
•aie;  «,  the  pipe  thiinigh  which  the  water  that  is 
laieed  from  the  receiver,  is  conveyed  into  the  cis* 
tem  at  the  required  height ;  t,  the  pipe  coanectivf 
Ifae  oisteni  from  which  the  water  is  to  be  raised 
with  the  receivers ;  x,  a  eiftem  with  a  buoy  coek 
proceeding  from  the  ibrcing-pipe,  $,  having  a 
pipeyy,  constructed  so  as  to  be  easily  moved  round 
upon  each  of  the  receivers,  p,  P ;  «,  the  handle  of 
the  regulator. 

The  boilerii  beiAg  previously  filled  to  the  ne- 
cessary >  height  with  water,  all  the  cecks  beiag 
•ihnt :  the  valves  in  their  proper  positions  t  and  tht 
leceirers  empty,  a  fire  beio^  made  under  the  laifO 
.boilers  and  the  water  it  contains  being  made  to  boil : 
smd  steam  raised  of  a  temperature,  as  much  htghor 
'than  1 18*  as  may  beineoessary , -(to  balance  a  ooluaui 
of  water,  equal  to  the  height  between  the  bottom 
4»f  the  receivers  and  the  upper  surface  of  the  water 
in  the  cistern  into  which  it  is  to  be  elevated,)  thiw 
tuning  the  handle, «,  of  the  regulator,  will  open  a 
oommunication  between  one  of  the  cy  1  indersand  the 
boilftr.  Suppose  a  passage  for  the  steam  opened 
Ihroogh  the  pipe$  o$  mto  the  receiver^  p,  the-orifiee 
of  the  other  pipe,  O,  in  the  roof  of  the  boiler,  will 
Jbe  closed  by  the  hiding  valve ;  by  the  influx  of  th» 
Bteam  all  the  air  whic^  was  contained  iH  thr 
wceivacy  p^  wiU  ba«xpeUad  thioagb  ihi  Tid?%<f% 
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liA^ihotlttjpitf  pipe, «. '  If  the  baodltt  of  tbtt  MgiM 
Ifttor  be  now  tamed,  the  further  flow  of  iteam  f toiii^ 
tiie  boiler  ifl  prevented ;  the  pipe,  y,  U  then  to  be 
jftoved  lo  as  to  allow  a  quantity  of  cold  water  t9 
ikU  upon  the  vessel,  p ;  this  almost  instantaneoailjr 
eooU  that  vessel,  and  thus  condenses  the  vapour 
which  it  contained  into  a  very  small  portion  of  wateri 
about  the  eighteen  hundredth  part  of  the  quantity  of 
Steam  which  formed  it :  a  vd/Jimm  is  thus  produced' 
■early  perfeet  within  the  receiver*  The  pressure  ol 
the  atmosphere  upon  the  water  in  the  cistern  now 
I6rees  it  up  the  pipe  into  the  receiver,  and  fills  it  | 
the  same  operation  takes  place  with  the  -steam 
and  water  in  the  other  receiver,  and  both  vessel* 
•re  thus  filled  with  water. 

The  handle  of  the  regulator  is  again  turned  into 
its  first  position,  by  which  the  steam  is  shut  off 
from  the  pipe,  O,  and  allowed  to  flow  through  & 
into  the  receiver,  p ;  the  elastic  vapour  pressing 
upon  the  surface  of  the  water  in  the  receiver^ 
forces  it  (as  it  did  the  air)  through  the  valve.  Of  • 
elack,  r,  up  the  pipe,  9,  into  the  cistern  or  reservoir 
at  the  requ  ired  height.  When  all  the  water  has  been 
expelled  from  this  receiver,  by  turning  the  handle;  sr, 
the  further  supply  of  stei^m  is  cut  off,  and  it  now 
flows  into  the  other  receiver,  and  impels  the  water 
it  contains  also  up  the  pipe,  s ;  but  while  this  op&»* 
ration  is  going  on,  the  water  pipe,  jf,  is  again 
brought  over  the  receiver,  p,  which  is  fllled  wilhr 
■team,  and  a  jet  of  coM  water  falling  upon  it,  the 
vapour  it  contains  is  a  second  time  condensed,  and 
the  pn^Mure  of  the  atmosphere,  as  before,  foieei 
the  water  from  the  cistern  to  replenish  the  vacuum 
in  the  receiver.  When  the  steam  has- forced  all' 
tlie  water  from  the  other  receiver,  P,  the  foil 
of  cold  water  fmm  the  movable  pipej  ^,  «ls» 
cOAdCMef  tbe  vspow  with  whi^  it  in  illMb  -* 


vacuom  is  formed,  and  this  yenel  is  also  replenished 
by  the  pressoie  of  the  atmosphere :  the  same  process 
is  alternately  repeated^  and  may  obviously  be  con- 
tinued as  long  as  there  is  any  steam  generated  in 
the  boiler^  and  vater  in  the  cistern  to  be  forced 
up  the  pipe,  s,  to  replenish  the  vacuum  produced 
in  the  receiver  by  the  condensation  of  the  vapour. 
'  The 'action  of  this  apparatus  would  cease  after 
all  the  water  had  been  evaporated  from  the  lai^ge. 
boiler>  and  during  the  time  it  was  replenishing, 
and  until  the  fresh  supply  had  received  the  neces- 
sary temperature ;  this,  in  practice*  would  have 
been  a  •  serious  obstacle  to  its   use  in   a  great 
Quany  situations.    The  mode  by  which  Savery  re- 
plenished his  large  boiler,  without  lowering  its 
temperature,  and  thus  ensuring  a  perfect  conti- 
nuity in  its  action,  almost  exceeded  in  ingenuity 
the  invention  of  the  engine  for  raising  water  by 
fire  itself.     In  the  figures,  the  two  boilers  are 
shown  as  connected  by  a  pipe,  (marked  n,  in  fig.  1 2, 
and  A,  in  fig.  5,  Plate  111.)    When  the  water  has 
evaporated  to  a  certain  quantity  in  the  large  boiler^ 
a  fire  is  made  under  the  smaller  one ;  and  as  no 
part  of,  the  steam  is  permitted  to  escape  from  this 
vessel,  its  elasticity  or  temperature  quickly  ex- 
ceeds that  in  the  larger  boiler,  which  is  constantly 
idowiug  into  one  or  other  of  the  receivers.    The 
vapour,  therefore,  in  the  boiler,  d,  will  force  the 
water  up  the  pipe,  h,  and  raising  the  valve,  t,  and 
flowing  along  the  pipe,  k,  into  the  large  boiler, 
will  replenish  the  waste  which  has  arisen  from 
evaporation.     When  the  water  has  been  expelled 
from  the  small  boiler  to  the  level  of  the  pipe,  h, 
cold  water    is  introduced  through   the  cock,  e, 
which  communicates  by  a  pipe,  e,  with  the  rising 
pipe,  8,  to  be  again  introduced  at  a  high  tem- 
l^riUaie  into  the  larger  vessel ;  the  valve^  i,  by 


QAUOB  PIPlSS«  )01 

opening  up^rards^  prevents  the  steam  in  the  larger 
boiler  from  flowinginto  the  smaller  during  this  ope- 
ration. The  small  pipes,  g  and  n,  go  to  within  eight 
inches  of  the  bottom  of  each  boiler ;  by  opening 
their  cocks  on  the  outside  of  the  boilers,  they 
serve  as  indexes  for  ascertaining  when  the  water  in 
each  has  nearly  evaporated.  When  steam  only 
comes  through  either  on  opening  their  cocks,  the 
water  has  sunk  beneath  their  lower  orifices  ;  and 
as  these  are  adjusted  to  the  lowest  level  at  which 
it  ought  to  stand,  it  gives  notice  that  a  fresh  sup- 
ply is  necessary ;  but  if  water  comes  through  on 
opening  the  cock,  the  quantity  contained  in  the 
boiler  is  sufficient  to  prevent  accidents  from  its 
being  burnt  by  the  fire  beneath  it. 

The  mechanism  by  which  the  steam  is  directed 
into  either  of  the  receivers,  is  very  simple,  and 
will  be  easily  understood  by  an  inspection  of 
figs.  3  and  4,  the  part  marked  m,  in  rig.  1,  and 
a  bird's-eye  view  of  the  same  part  in  fig.  2.  A 
slider  is  attached  to  an  axis  or  spindle,  m,  going 
through  the  lid  of  the  boiler  ,*  when  the  handle^  e, 
fixed  on  this,  is  moved  backwards  or  forwards,  it 
causes  the  islider  (shown  in  its  two  different  posi-^ 
tions  in  figs.  S  and  4)  to  shut  the  mouth  of  one  of 
the  pipes,  o,  O,  and  Uius  interrupts  the  flow  of  the 
steam  into  that  receiver,  with  which  it  is  con- 
nected. The  operation  of  the  buoy  cock,  and  the 
jet  cock  and  its  pipe,  will  be  easily  understood 
from  an  inspection  of  the  figure  forming  the  sub- 
ject of  Plate  IV.  All  the  valves  or  clacks  in  the 
pipes  being  constructed  to  open  upwards,  the 
return  of  the  water,  which  has  been  raised  to  its 
former  place,  is  effectually  prevented. 

Such  Js  the  arrangement  of  the  parts  and  action 
of  the  celebrated  fire-engine  of  Captain  Savery  ; 
and  various  as  the  opinions  lire  legarding  his  claim 


to  the  merit  of  being  its  origiDat  discoVer^rj  or  ^rat 
contriver^  there  is  but  one  with  regard  to  the  ^use- 
fulness, power,  and  beauty  of  his,  invention ;  and 
even  if  it  be  considered  as  but  a  combination  of 
existing  ideas,  their  masterly  adaptation  marks  a 
mind  ot  the  highest  order.* 

*  "Caotain  Savery,**  according  to  the  doctor,  "liaring 
tead  the  Marcpiesft  of  Worcester's  Dook,  was  the  first  who  put 
la  practice  the  raising  of  water  by  fire,  which  he  proposed  lot 
the  draining  of  mines.  His  engine  is  described  in  Harris's 
tiexieon,  which,  beine  compared  with  the  Marquess  of  Worces- 
ter's description,  will  easily  appear  to  have  been  taken  from 
liiin,  thovgh  Captain  Sav^ery  denied  it ;  and  the  better  to  eoa<* 
eeal  the  matter,  bought  up  all  the  marquess's  books  that  h« 
eould  purchase  in  Patemoeter-row,  and  elsewhere,  and  bnmed 
them  in  the  presence  of  a  gentleman  who  told  me  this.  He 
told,  that  he  found  out  the  power  of  steam  by  chance,  and  had 
Invented  the  following  story  to  indnee  people  to  believe  it,  vis.  t 
that  baring  drunk  a  flask  of  Florence  wine  at  a  tavern,  and 
thrown  the  empty  flask  upon  the  fire,  he  called  for  a  basin  to 
Wash  hi^  hands,  And  perceiving  that  the  little  wine  left  in  the 
flask  had  filled  up  the  flask  with  steam,  he  took  the  flask  by 
the  neck,  and  plunged  the  mouth  of  it  under  the  surface  of  the 
water  in  the  basin,  and  the  water  of  the  basin  was  immedi- 
ately driven  up  into  the  flask  by  the  pressure  of  the  air :  now 
he  never  made  such  an  experiment  then,  nor  designedly  after* 
wards,  which  I  thus  prove.  I  made  the  experinlent  j>urposelv 
inrith  about  half  a  ^ss  of  wine  left  in  a  flask,  which  i  laid 
upon  the  fire  until  it  boiled  into  steam,  then  putting  on  a  thick 
glove  to  prevent  the  neck  of  the  flask  from  burning  me,  I 

?lnnged  the  modth  of  it  under  the  water  that  filled  the  basin* 
at  UM  pressure  of  the  atmosphere  was  so  strong,  that  it  beat 
the  flask  out  of  my  hand  with  violence,  and  threw  it  up  to  the 
ceiling.  All  this  must  have  happened  to  Captain  Savery ;  if 
iever  he  had  made  the  experiment^  he  would  not  have  foiled  to 
have  told  snch  a  remarkable  incident,  which  would  have  em* 
beUished  his  story,"  Btfperimental  PkUosophv,  vol.  ii.  p.  314. 
**  lliis  grievous  charge,"  sap  professor  Rooison,  **  ought  td 
fx  stlbstantiated  by  very  distinct  evidence ;  yet  DesagulienI 
produces  none  saeh,  and  he  was  too  late  to  luiow  what  hap- 
pened at  tbe  time.  His  aiguraent  is  a  very  fooliih  one,  and 
P'  I  him  no  title  to  consider  Savory's  experiment  ^s  a  false- 
;  for  it  might  have  happened  precisely  as  Savery  relates, 
Md  Ml  at  it  lia|tp«i«d  t«  i^agaliexsi   The  faet  isj  Savefy 


Wq  may  pmm  over  with  brief  notice  the  churgQ 
made  by  Peiagalieri^and  by  him  alone,  of  Savery 

pbtaiaed  his  patent  in  1696,  after  a  heannfir  of  objections,  in 
which  the  dtscorery  of  the  Marqness  of  Worcester  was  not 
mentioned ;  but,  besides  this,  he  had  erected  several  of  his 
engines  before  he  obtained  his  patent,"  Mechamic^l  Phih^ 
fophjjt  'vol.  iii.  p.  148.  18i4. 

**  Every  possiole  publicity  was  giren,  not  only  to  the  pria* 
iliple  of  his  machine,  but  also  to  its  eonstmotion ;  and  yet,  dnr* 
ingSftrery's  lifetime,  the  Manjuess  of  Woroester'sdeserii^ioa 
hatd  never  been  mentioned.  Neither  is  this  tale  of  destroying^ 
the  books  found  in  any  other  author.  Nor  is  it  stated  by 
Pesafttliers  before  174^  nearly  thirty  years  altar  Savory^ 
death,  and  almost  fifty  years  after  the  grant  of  the  patent, 
Desagullers  %lludes  to  the  Marouess  of  Wore«fter*a  hooki 
■Was  the  doctor  ignorant  of  the  noole  inventor  having  printe4 
two  (Ibar)  books  containing  the  description  ?  Did  tike  other 
&ree  beoome  scarce  ?  Copies  of  these  might  have  been  in  exist- 
epee  to  have  produced  against  Savery's  claim,  and  destroyejl 
^ia  patent.  It  is  certain  that,  daring  his  lifetime,  Savery  if 
not  known  to  have  had  an^  competitor  in  £nfl[land  lo  disputf 
•with  lum  the  honour  of  inventing  th«  machine  which  now 
Itears  his  name ;  bnt  a  pampAdet  l^in^  rare  at  a  bookseller's 
thirty-five  years  after  its  publication  is  not  at  all  an  extraon- 
liUnary  cireunistaaoe  i  and  it  would,  indeed,  have  boe^  almait 
9  miracle  b^^  a  copy  f4  the  book  been  found  at  sueh  a  disr 
tance  of  timp  in  that  unenviable  situation.*^  Stuart.  Jk»-  Bist, 
^Steum  Mngine,  p.  35. 

"  No  contrivance,*'  ^ays  8witaer«  (IntrothuAiqit  t9  a  gi^ 
mer^  Syttft^of  Mj/4rHtatic9t  17^9,)  **is  more  justly  sur- 
prising ths-n  the  fire-ennne,  the  particular  contrivance  and 
sele  invention  oS  tL  genUeman  with  whom  1  bad  the  honoui, 
long  since,  te  be  weirac4^aainted.  I  mean  the  ingenious  Cap- 
tain Savery,  somQtioie  since  deceased,  bat  then  a  most  noted 
mi|[ineer,  and  one  of  the  commissioners  of  sick  and  wounded. 
This  gentleman's  thoughts  were  aJways  employed  in  hydro* 
.statics,  or  hydraulics,  or  in  the  improvement  of  water-worki.; 
fMid  the  first  hint  from  which  it  is  said  he  took  this  engine  waa 
horn  a  tobacco-pipe,  which  he  immersed  to  wash  or  cool  it,  as 
is  sometimes  done.  He  discovered,  by  the  rarefaction  of  the 
tLxx  ijD  the  tube  by  the  heat  or  steam  ot  the  water,  and  the  gr^* 
vitatioa  or  impulse  of  the  exterior  air,  that  the  water  wi^s 
made  to  spring  through  the  tube  of  the  pipe  in  a  wonderful, 
sorprisinc  manner ;  though  others  say,  tnat  the  learned  Ma>- 
IHtiss  of  Woreester,  in  his  **  Century  of  Inv«itioa»,"  (whioii 

~  )k  I  bhve  not  seen,)  gave  the  firtt  hiBt  £»r  thm  mm§  w»ti»r 
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having  copied  his  machine  from  the  descriptions 
left  by  Lord  Worcester ;  and  taking  advantage  of 
the  death  of  the  original  inventor,  to  produce  his 
machine  a  second  time,  and  claim  for  it,  as  for  his 
own  idea,  that  protection  which  was  only  to  be 
granted  to  an  original  discovery. 

Savery,  it  isadmittedjmay  have  read  the  descrip- 
tion in  the  *'  Century  of  Inventions,"  and  he  may 
even  have  been  acquainted  with  the  details   of 

by  fire.  It  was  s  considerable  time  before  this  ingenious  per* 
son,  who  has  been  so  ^reat  an  honour  to  his  country,  oonld,  as 
he  himself  tells  us,  bring  tliis,  his  design,  to  perfection,  on  ao- 
count  of  the  awkwardness  of  the  workmen,  who  were  necessa- 
rily to  be  employed  about  the  affair;  and  I  hare  heard  him 
say  myself,  that  the  first  time  he  played  it  was  in  a  potter's 
house  at  Lambeth,  where,  thoagh  it  was  but  a  small  engine, 
yet  it  forced  its  way  through  the  roof,  and  struck  up  the  tiles 
in  a  manner  that  surprised  all  the  sjiectators."  p.  924. 

In  1730,  Dr.  Allen  says :  *'  It  is  now  more  than  thirty 
years  since  the  engine  for  raising  water  by  fire  was  first  tn- 
vented  by  the/anMWf  Coftain  Sanery^  and  upwards  of  twenty 
years  that  it  received  its  great  improTi^ent  by  my  gotA 
friend,  the  CTer-memorable  Mr.  Newcoroen,  whoise  death  I 
very  much  regret.'*    Specimina  IchnoffrapMcOy  p.  17* 

Another  of  his  inventions  is  described  by  M.  de  Sauma- 
Tez,  who  had  invented  something  similar,  and  whose  scheme 
was  recognised  to  be  the  same  as  SaTery*s.  **  It  was  towed 
sometime  by  the  side  of  the  ship  ana  sometime  by  the 
stem.  Tlie  sea- water  drivine  rouna  the  lowest  and  swiftest 
wheel  thereof,  and  that  wheel  driving  round  other  wheels,  the 
highest  and  lowest  of  which  tumea  round  an  index  covered 
with  glass  to  show  length  of  way  sailed.  When  it  was  fair 
weather  and  bore  before  the  wind,  it  showed  in  a  manner  the 
distance  sailed,  which  was  performed  by  hauling  on  board  to 
view  the  index,  and  repntting  it  off  again  from  the  side  of  the 
ship  into  the  sea  with  g^at  care  and  precaution  lest  it  should 
be  bruised,  which  proml  cumberkome  and  troublesome  to  the 
seamen,  and  of  no  dependence  to  be  made  upon,  much  less 
when  the  ship  did  veer  and  tack  about  or  kept  to  the  wind* 
•ward ;  and  that  it  was  useless  in  a  rough  sea,  and  on  the  whole 
found  less  exact  than  the  log-line,  and  at  Captain  Bennet*s 
coming  home  he  delivered  the  instrument  tp  Ssvery."  Sa!)' 
waveS'S  Umm9ll,  p.  10. 1717. 
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lie  neither  an  imitator  nor  a  plagiary.  Many  of 
Lqrd  Worceatei'i  contemporaries  were  alive  at 
the  period  when  Sayery  got  his  patent;  tome  of 
Ibem  were  members  of  the  Royal  Society  at  the 
.time  he  exhibited  his  model,  and  desoribed  itt 
construction  and  action  in  their  apartment,  among 
others,  the  celebrated  Dr.  Hooke.  It  is  impro^ 
bable,  therefore,  that  Lord  Worcester's  machine^ 
whatever  was  its  construction,  could  have  been 
unknown  or  forgotten  by  many  of  the  emu 
Bent  persons  then  composing  that  body ;  and 
particularly  by  Dr.  Hooke,  The  doctor*s  memory 
was  not  one  of  the  least  retentive,  and  hit 
Jbiabits  of  mind,  certainly,  weve  not  those  which, 
At  any  period  of  his  lonff  life,  would  have  per* 
jnitted  him  to  see  the  merit  of  a  machine  of 
this  impprtance  arrogated  by  a  person  who  bad 
BO  claim  to  ift ;  and  the  more  sOi  as  the  doctor 
himself  is  said  to  have  hinted  at  the  construction 
of  a  steam-engipe  so  early  as  1678 :  *  and  finally^ 
it  is  equally  improbable,  that  others  wei9  not  te 
be  found,  whose  testimony  would  have  beaa 
brought  against  Savery  at  the  legal  bearing  qC 

•  *'  Aftar  t^e  4eittli  of  Dr.  Robison,  says  the  author  of 
-a  memoir  of  Dr.  Hooke  ia  the  Kdinhurgh  Eneyclop^dis^ 
*  t)tere  va^  f  list  of  Dr.  Hooke's  iBTeutioiu  found  smoug  ths 

Srofessor'sjpapers,  which  contained  the  foUowinj'  memorail- 
um  :* — *  1678,  proposed  a  '  steam-engine  on  Newcomen's 
prinoiple.*  .It  would  have  beeii  interesting  to  have  ascer- 
tainea  whether  this  n^emoraDdnm  was  mfida  by  Dr.  Eobisoa 
IxBiore  or  after  his  having  written  the  excellent  aocomit  of  tkf 
«team-engine  in  his  supplementary  articles  to  the  third  edi- 
tion of  the  Encyclopadia  Britanniea.  The  project  was  either 
4|Blaiowa  to  the  profM^or,  at  the  period  of  writing  liie  article 
sUuded  to,  or  it  was  rejected  on  account  of  its  questionablB 
accuracy.  In  the  edition  of  that  aocount  lately  publishedt 
(in  his  "■  Mechanical  Philosophy,**  18:29,)  no  ilotice  whatever 
U  taken  of  Hootn's  iikea.'*  fitoait,  De9.  HUt,  of  StMm^ngini, 
p,S],.3ds4i«.l&)5« 
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objeetibDfl  which  w«re  made  against  his  invention^ 
before  he  got  a  grant  of  a  monopoly  of  the  profit 
which  might  arise  from  his  permission  to  construct 
and  use  this  novel  apparatus. 
'  The  line  between  the  engines  of  Worcester  and 
8avery  mighty  conjecturalTy,  be  easily  drawn^  so 
as  to  define,  with  the  greatest  probability,  the 
merits  and  claims  of  both.  Lord  Worcester  ex- 
pressly says,  his  machine  did  not  draw  or  suck  up- 
wards ;  that  is,  it  did  not  produce  any  part  of  its 
effect  by  the  aid  of  atmospheric  pressure.  This  it 
a  material  point ;  for  this  agency  was  one  of  the 
most  distinguishing  features  in  Savery's  machine. 
He  combined  the  elastic  force  of  steam  with  that 
which  was  derived  by  condensing  the  vapour  to 
form  a  vacuum  ;  and  thus  availed  himself  of  the 
pressure  of  the  atmosphere  not  only  to  increase 
the  power,  but  even  to  form  the  sole  means  by 
which  he  produced  the  effect  in  his  engine.  In 
all  his  descriptiotis,  it  is  remarkable  that  he  never 
once  produces  the  entire  effect  by  the  elasticity 
aione  of  the  vapour;  bat  in  describing  an  ar- 
Tangement  for  draining  fens,  he  says,  this  could 
be  done  solely  by  condensation.  The  opinion^ 
ilierefore,  that  Lord  Worcester's  apparatus  was 
similar  to  a  high-pressure  engine,  receives  a  strong 
corroboration  from  the  circumstance  of  its  not 
having  been  an  effective  bar  to  Savery's  privilege 
of  monopoly ;  and  on  the  other  hand,  the  total 
difference  in  the  construction  of  each,  places 
Savery's  merit  in  a  new  and  more  interesting  view, 
and  on  a  broader  basis. 

•  Even,  therefore,  admitting,  in  the  fullest  and 
most  unequivocal  terms,  thatSavery  was  intimately 
acquainted  with  his  predecessors*  labours  in  this 
jiarticuUr  soecies  of  mechanism,  his  merit  in  the 
formation  ot  his  apparatus  was  as  great  99  thftt  of 
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any  of  his  rivals'.  Lord  Worcester  could  not  be 
i^oiant  of  Potta's,  Oecaus*s,  and  Kircber*» 
Bchemes.  Savery,  probably,  did  not  throw  awaj 
the  advantage  he  had  of  adding  the  marquess's^ 
and  Hautefeuille's,  and  Papin*s  experience  to 
these;  for  his  machine  certainly  embodies  nearly 
all  iheir  ideas.  Hero,  Porta,  and  Decaus  men- 
tion the  condensation  of  steam  by  the  cold  from 
the  air,  and  the  means  of  replenishing  the  vacuum 
by  the  pressure  of  the  atmosphere;  Porta  and 
Decaus  raised  water  through  a  pipe  by  the  elas- 
ticity of  steam  pressing  upon  its  surface.  Haute- 
feuille  and  Papin  describe  similar  contrivances, 
and  the  latter,  particularly,  made  wonderful  strides 
in  improvement  on  his  predecessors.  Yet,  how 
prodigious  the  diflference  between  the  most  re- 
fined of  these  and  the  celebrated  machine  of  Sa- 
very! How  many  essential  parts  were  to  be  sup- 
plied from  the  stores  of  his  own  comprehensive 
and  fertile  imagination!  How  many  difficulties 
were  to  be  overcome !  And  how  many  original 
and  masterly  connecting  ideas  may  not  be  traced 
in  the  imperishable  monument  of  his  genius,  his 
*'  engine  for  raising  water  by  fire."  Among 
these  may  be  named,  raising  the  steam  in  a 
boiler,  conducting  it  into  a  sepamie  vessel ^ 
condensing  it  there  by  artificial  means,  and 
with  instantaneow  rapidity;  making  the  pro- 
duction of  the  vacuum  from  an  auxiliary  become 
a  principal  cause  of  its  wonderful  effects;  pro- 
ducing a  continuity  in  its  action  by  the  arrange^ 
ment  of  the  parts  of  his  machine ;  in  aid  of  this 
latter  purpose,  replenishing  his  larger  boiler  with 
Moater,  without  lowering  the  temperature  of  that 
which  it  already  contained;  the  use  of  small  pipes 
to  know  when  it  was  necessary  to  introduce  the 
supply  of  water;  -the  fine  mechanism  of  the  sltdirlig 
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99he»*i  tha  ingeniout  construction  of  \he  cold^ 
water  pipe;  the  piecision  with  which  all  the 
parti  were  adjusted  to  aid  in  the  action  of  each 
.Other ;  and  tnough  last  in  the  enqmeration,  not 
Iffaat  in  merit,  his  admirable  arrangement  of  the 
parts,  and  sagiacious  selection  of  finyis,  and  theii^ 
effec^ve  connection; — all  these«  which  were  the 
achievements  of  his  own  genius^  have  left  to  suc^ 
ceeding  mechanics  but  few  opportunities  of  sup-r 
plying  omissions,  or  remedyii^  defects;  and  thiv 
admirable  machine,  in  form  and  constructioDij  if 
now  nearly  the  same  as  when  it  first  proceeded 
from  the  piasterly  hand  of  its  excellent  inventor. 

At  this  period  the  exertions  of  mechanics  in 
France  to  derive  a  power  from  the  action  of  heat^ 
discovered  the  usual  refined  ingenuity  of  that  ac- 
complished people ;  but  the  results  of  their  la* 
hours  are  considered  to  have  been,  on  the  whole^ 
nnsuccessful,  inasmuch  as  they  wanted  the  merit 
of  fitness  for  practice,  which  was  possessed  in  so 
eminent  a  degree  by  the  machine  produced  amon^ 
their  insular  rivals.  The  inventor  of  a  steam- 
wheel  is  found  in  the  ranks  of  its  most  distin- 
guished and  industrious  philosophers. 

Guillaume  Amontons,  the  son  of  a  Norman  advo- 
cate, who  settled  at  Paris,  was  afBicted,  from  child- 
hood, with  so  great  a  deafness  as  nearly  to  deprive 
him  of  the  society  and  conversation  of  mankind^ 
He  began  the  study  of  machines  for  his  amuse*, 
ment,  and  his  first  essay  was  an  attempt  to  con- 
•truct  an  apparatus  to  produce  a  perpetual  mo- 
tion ;  a  perseverance  in  this  research  taught  him» 
that  he  had  lost  the  time  he  had  expended  on  it^ 
fnd  thrown  away  his  care.  The  family  of  Amon- 
tons ^as  opposed  to  these  studies  from  thei^ 
beginning,  as  leading  neither  to  distinction  nor 
tp  lortuDe  I  but  th«  vtadent  deapairingi  alt^  th^ 
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failare  of  a  eourae  of  medical  and  turjpeal  ex- 
perimentsy  of  ever  obtaining^  his  hearing',  redoubled 
bis  attention  to  mathematical  and  mechanical 
pursuits.  He  designed  buildings  with  taste,  and 
in  works  of  carpentry  introduced  some  theoretical 
refinements  to  improve  its  practice ;  be  invented 
an  ingenious  telegraph  for  conveying  a  message 
from  Rome  to  Paris  in  three  or  four  hours,  and 
the  experiment  was  tried  with  success  in  the 
suburbs  of  Paris.  His  works  on  hygrometers  and 
barometers  are  of  great  merit ;  and  his  theory  and 
experiments  on  friction  are  still  appealed  to  for 
their  ingenuity  as  well  as  accuracy :  for  his  in- ' 
vention  of  the  "  moulin  a  feu/*  he  ranks  as  an  early 
improver  of  the  steam-engine.  But  the  amiable 
qualities  of  his  mind  exceeded  even  the  ingenuity 
of  his  spirit.  Amontons  was  proverbial  for  the 
frankness, and  simplicity,  and  polish  of  his  manners, 
and  for  the  almost  infantine  benevolence  of  his 
disposition. 

The  scheme  of  Amontons,  totally  different  from 
the  idea  of  Savery,  and  unique  of  its  kind,  thus 
early  attracted  the  attention  of  mechanics  to  sop- 
ply  a  desideratum  of  a  continuous  rotary  motion 
from  the  elasticity  of  steam.  The  machine  was 
called,  by  its  inventor,  a  fire-wheel,  and  described 
as  operating  by  the  action  of  heated  air,  forcing 
a  quantity  of  water  up  one  side  of  a  wheel  and 
producing  a  rotary  motion  by  its  differing  weight 
from  the  other  side. 

Like  some  of  his  contemporaries,  Amontons  ap- 
pears partial  to  the  expansion  of  air,*  and  to  have 
forced  it  into  his  service  in  the  construction  of  his 
engine.  Upon  the  authority  of  his  oMm  drawing 
it  would  appear,  that  the  presence  of  air  in  his 

*  Meinoires  de  TAead^mie  dea  Sciences,  p,  8O9,  1699t 
Bossst,  Hydrodyniiiiii^iie,  tome  ii,  p.  807.  '   ' 


appara^pi  waa  more  to  be  avoided  tb%n  intro4oced| 
«Dd  that,  ID  fact,  all  it«  effective  power  would  b« 
derived  from  ateain.  A  curiory  inspection  o( 
h'm  ''moulin  b,  feu"  will  show  u«,  that  tbci 
fvater  in  the  inner  range  of  chambers  would  sooq 
|)ecome  intensely  heated  and  form  vapour,  whicli 
could  not»  by  any  mechanism  he  has  shown,  be 
prevented  from  filling  wl)at  may  be  designate^  thq 
^r-chambexs,  ; 

The  fire* wheel,  as  des^ribec^  by  its  author,  coil-« 
fists  of  two  concentric  ungulas  or  rings,  conne^taii 
^d  Qommunicating  by  means  of  small  pipesi, 
isS,  S,  4»&f.  The  outer  ring  of  the  wheel  119 
divided  into  a  certain  number  of  compartment 
a,  b,  Cj  d,  e,  t»  &c..  Amoutons  describes  his  af 
having  twelve,  and  perfectly  closed,  so  as  to  havn 
no  coupection  with  each  other.  The.  inner  ring  ia 
divided  into  the  same  number  of  compartment 
marked  a,  b,c,  d,  e,  f,&Q.i  each  of  these  com** 
municates  with  the  adjoining  chamber  by  a  valval 
fnade  in  each  compartment  moving  on  a  hiqge, 
and  only  opening  in  one  direction,  and  that  up« 
wards.  Although  the  two  rings  and  their  seriea 
of  compartments  are  placed  at  a  distance^  eacli 
compartment  of  th^  one  commuuicates  with  n 
corresponding  division  of  the  other  by  small 
pipes,  I,  9»  3>  4,  &c.  Tbe  wheel  is  placed  so  a% 
|o  have  onQ  side  of  its  periphery  exposed  to  thfi 
motion  of  a  fire,  and  the  other  side  is  immersed  ia 
a  cistern,  y,  of  cold  water.  Four  or  five  p(  thfi 
lower  chamberfi  of  (he  inner  series  are  filled  wHh 
water, 

A  fire  is  then,  says  Amontons,  to  be  made  in 
the  furnace:  thia  wjiU  heat  the  air  in  the  chambec 
^for  example,  marked  a)  of  the  outer  series,  whicl| 
IS  exposed  to  its  influence,  and  the  air  which  it 
contains  is  •  rareflod^^  and  flowing  through  the  pip^ 
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(faunibeTef]  1}  into  the  chfitnber,  a,  of  the  inttet 
teries,  presses  a  pen  the  water  which  it  contains, 
liod  as  the  eonitruction  of  the  valves  allows  it 
io  flow  only  in  one  directionj  it  is  forced  upwards 
into  the  divisions  on  that  side  of  the  wheel  neatest 
the  furnace ;  this  gives  it  a  preponderance^  and  li 
descends.  The  cell,  a,  is  ndw  in  the  position  at 
first  occnpied  by  b,  and  e  is  in  that  where  it  begins 
to  enter  th^  cistern ;  the  air  which  is  contained  ill 
the  divisions  which  had  been  heated  now  being 
brought  into  contact  with  the  water,  it  is  con- 
densed, and  coMinues  so,  until,  by  the  revoldtioil 
t)f  the  wheel,  it  is  again  brought,  in  its  turn,  intd 
Contact  with  the  fire  of  the  furnace. 

Nothing  can  be  simpler  than  the  hypothetiiial 
iietion  of  this  mechanism ;  its  effect  was,  as  usual^ 
Abt  underrated.  The  wheel  was  twelve  feet  ill 
diameter,  and  the  cells  were  calculated  to  con- 
tain  750  cubic  feet  of  water,  and  an  entire  tevoia* 
tion  to  be  made  in  about  thirty-five  seconds.  Thift 
l^eat  weight,  applied  tangentially  to  one  side  of 
the  wheel,  was  to  give  it  a  continuous  preponde<> 
nnce,  which  was  calculated,  very  minutely,  to 
^ual  in  effect  the  power  of  nearly  thirty-four 
horses,  or  two  hundred  and  thirty -four  men. 

Throwing  the  practical  merit  of  this  mecha- 
nism totally  out  of  the  question,  the  combination  is 
eiceedingiy  meritorious ;  and  considering  the  titB6 
of  its  invention,  and  the  perfect  novelty  of  tb< 
idea,  it  has  many  claims  to  a  more  favdurable 
consideration  as  a  first  thought,  than  has  usually 
been  awarded  to  it.  That  it  presents  glaring  defects 
eannot  be  deni<!d ;  but  had  length  of  years  been 
allotted  by  Providence  to  its  amiable  projector,  thfe 
same  ing^uity  which'  first  traced  the  outlifM 
itiight  have  effectively  supplied  its  deficiencies. 
A  negative  proof  of  its  merit  vh  that  it  has  beeli 
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the  type  of  several  attempt!  at  the  conatrqotioa 
of  steam-wheels  among:  later  mechanics.  Das- 
lesme,  his  contemporary,  fell  prodigiously  be- 
hind him  in  his  idea  for  raising  water  by  steaoi ; 
the  model,  it  is  said,  acted  in  a  manner  similar 
to  Decaus's.  A  notice  of  it  is  here  introduced, 
from  a  wish  not  to  omit  the  labours  of  any 
who,  at  a  time  when  the  subject  was  little  re- 
garded, thought  it  worthy  of  their  observation 
and  attention. 

While  Amontons,  in  France,  was  engaged  in 
his  steam-wheel,  and  Savery,  in  England,  had 
achieved  so  brilliant  a  triumph,  Papin  was  again 
exerting  himself  at  Marpurg,  in  Germany,  to 
bend  the  same  powerful  agent  to  the  use  of  man ; 
'^as  if  the  three  nations  of  Europe,  which  had 
made,"  says  Belidor,  **  the  greatest  advances  in 
science,  were  each  anxious  to  furnish  a  learned 
n^n  to  participate  in  the  glory  of  so  fine  a  disco- 
very." 

In  considering  the  circumstances  under  which 
Papin  carried  on  his  researches,  it  is  extraordi- 
nary  that  he  should  have  stumbled,  as  it  were,  on 
io  admirable  a  modification  as  that  described  by 
him  in  1695,  and  abandon  it  almost  at  the  moment 
when  he  had  in  his  grasp  a  brilliant  reward  for  his 
]ife  of  labour.  But  we  learn  from  the  taunts  of 
his  rivals,  as  well  as  his  own  confession,  that  hia 
sanguine  hopes  and  laborious  perseverance  ended 
only  in  pointing  out  one  or  two  properties  of  an 
agent,  whose  peculiarities  foiled  all  his  boasted 
ingenuity  to  be(Ld  its  agency  to  strictly  practical 
purposes.  At  the  period  (1698)  of  discontinuing 
nis  researches  he  had  made  considerable  progress 
in  an  experimental  machine;  but  the  frosts  of  the 
following  November  damaging  the  apparatus,  by 
destroying  the.  valves  which  were  placed  in  tbs 
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fiver,  wftfl  all  accMent  which  bo  diseodra^  Papin, 
that  the  further  protecutton  of  this  experimeat 
yielded  to  matters  of  less  importance,  and  the 
machine  itielf  was  completely  for^tten.* 

Few  philosophers  in  his  time  liad  such  lare  fa- 
cilities of  performing  experiments,  or  mora  ample 
means  to  carry  his  ideas  into  pmctice,  or  more 
gratifying  attention  to  incite  him  to  perseverance; 
The  Elector  of  Hesse,  under  whose  patronage  he. 
resided  in  Germany, inheriting  that  love  of  science, 
which,  for  generations,  gloriously  distinguished 
his  ancestors,  not  only  furnished  the  means,  but 
condescended  to  become  his  associate  in  the  la- 
bour of  experimenting. 

This  enviable  position  had  made  his  operatioof 
to  be  regarded  with  great  interest  by  a  large  circle 
of  men  of  science,  with  whom  he  maintained  a 
liberal  and  friendly  intercourse.  The  celebrated 
Leibnitz  was  numbered  among  the  correspondents 
of  the  philosopher  of  Marpurg;  and  to  him,  among[ 
others,  Papin  explained  his  objects,  described  his 
experiment,  and  related  his  failure.  The  ioge« 
nuity  of  the  mathematician,  however,  elicited  no 
device  by  which  his  friend  could  be  assisted ;  but 
his  reply  informs  us,  that  years  before  the  period 
at  which  he  was  writing,  (June,  1698,)  the  ex- 
pansion of  steam  had  presented  itself  to  his  mind 
as  a  source  from  whence  might  be  derived  a  cheap 
mechanic  power. 

Thirty  years  of  experiment  not  having  con- 
ducted to  any  useful  discovery,  offered  to  Papin 
no  inducement  longer  to  tread  a  path  apparently 
sobavren.  But  the  indifference  produced  by 'his 
own  want  of  success  was  destined  to  be  stimu* 

*  NouTell^-mani^re  pour  lever  Veau  par  la  force  da  feu. 
Mine  en  lami&re  par  M.  D.  Papin,  Dr.  en  M^d.  Prof,  ea  Mir 
Ih^ai.  k  Maitoarg,  p.  a  A  Csasel,  I707. 
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lirted  by' the  better  fonuiie  atteadiii;  tlw  libotir«' 
of  MiotMr.  And  the  great  feme  which-  Skrtsty 
had  aoqoifed  in  England  again  routed  the  amin- 
tiouB  indoftry  of  Papia  to  forget  fomier  failuraa. 
in  the  pursuit  of  new  diitinction. 

The  rival  of  the  illustrious  Newton^  during  0119 
«f  his  visits  to  England,  had  seen  the  maeMm^ 
for  rtdtinff  water  by  fire  iu  action.  The  experi^ 
■lent  of  his  Marpurg  correspondent  vvaa  then  re-^ 
called  to  his  recotlection;  and  at  his  return  to 
Gernnany,  Leibnitz  sent  a  copy  of  the ''  Miner*! 
Friend"  to  Papin,  to  have  hii  opinion  on  its  merit* 

tt  nmy  be  otMierved,  that  Savery'tf  engine,  which 
was  figured  and  described  in  the ''  PhikMophical 
^Transactions  for  109^ /'  does  not  appear  to  have 
excited  Papin's  attention  as  a  project*  It  presented 
•o  many  difficulties  to  be  siiMinounted,  that  Papin^ 
after  his  own  experiments,  might  be  pardoned 
forming  the  opinion  that  Sayery*s  scheme  would 
prove  abortive. 

But  the  testimony  of  Leibnitz,  after  an  intpec-^ 
tioB  of  [the  apparatus*  set  conjectace  at  rest.  His 
letter,  and  Savery's  treatise,  being  submitted  to 
the  elector,  the  subject  of  the  negleeted  model 
was  resumed,  and  the  prince  again  becanoe  the 
colleague  of  the  philosopher  in  the  labour  of  ez« 
perimentiog.  The  result  was  the  production  of  a 
machine,  which  Papin- ascribes  to  the  ingenuity 
of  his  royal  patron  j  in  the  description  of  his  ap* 
paratds  he  claims  ho  other  merit  for  himself,  but 
that  of  an  experienced  assistant  and  a  gtatefal 
hamitor. 

At  first  view,  it  bean  a  strong  resemblanee  t* 
fiarery's  engine  \  but  on  a  more  eaiefiil  inspection, 
it  will  be  found  to  vary  in  almost  every  essential 
point.  It  may  also  be  added,  it  differs  prodigiously 
from  the  English  metihaniam  in  it(|  practical  value. 


Qf  th^*eKteriQr  «ppeaninc«  of  tb«  elector's  f ogin«  | 
and  tbQ  figure  beneath  it  is  %  section  of  the  sunnQ 
tppaiatitf:.  a  is  the  boi)er>  having;  a  pipei  fr| 
floaed  bv  ^  lever  valve^  thfough  which  \i  is  sap* 
plied  ^ith  water;  the  pipe^  dt  cqnnects  it  with  tip 
iofcmfS  vessel,  /;  m  is  an  iron  cylinder,  laying  in 
#  cavuy  made  in  a  hoUoF  floater,  and  which  may 
^  inserted  through  the  oriftcej  g^  made  in  tha 
ipp  of  th/e  forcing  vesselj  ap<|  closed  by  a  yalre«  (fp 
l^^pt  in  its  ppaition  by  a  weight,  u,  hung  oq  thf 
end  of  a  ^ver ;  a:,  a  funpel  through  which  vataf 
IS  introduced^  and  closed  by  a  cock»  A j  the  pipfi 
iy  is  a  cop^nuation  of  the  forcinp;  vessel,/,  a»dia 
inserted  in  the  reseivoif  and  air  vessel,  911  ^  9,11 
pi{)e  conducting  th^  water,  which  has  bpeu  forci^i) 
into  the  air  vessel,  to  its  destinatioD. 

The  steam  from  the  boiler,  a,  flowing  through 
the  pipe,  d,  presses  the  floating  piston  down- 
wards, aud  the  water  beneath  it  is  thus  forced  up 
the  pipe,  h,  into  the  forcing  vessel,  m ;  when  the 
floating  piston^  m,  has  reached  Ihe  limit  of  its 
movement,  the  cock,  d,  is  turned  to  shut  off  the 
further  flow  of  steam  into  the  forcing  vessel, 
and  the  vapour  is  allowed  to  escape  from  /,  by  the 
cock,  « ;  at  the  same  moment,  the  talve,  h,  is 
turned,  which  allows  the  water  in  jc  to  flow  into 
/,  and  raise  up  the  piston ;  the  water  in  h  being 
prevented  from  descending  by  the  valve  placed 
near  its  bottom.  The  opening  in  the  lid  of  the 
forcing  vessel,- closed  by  the  lever  valve,  17,  u,  is 
for  the  purpose  of  allowing  a  red-hot  iron  cylin- 
der to  be  inserted  in  order  to  increase  the  heat  of 
the  steam ;  by  the  water  being  forced  into  the  re- 
ceiving vessel,  m,  the  air  which  it  contains  is  com 
pressed  or  condensed,  and  this  is  to  give  a  greater 
velocity  to  the*  issuing  water.    This  vessel  was 
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aoleonrideredlDbeeiKiiliKl.  The  elector  formed 
Ui  engine  without  it,  which  wtu  p1ac«t  in  the 
coailoFtlie  Heisian  academj  of  arts  and  ■clenceB, 
that  TBi*ed  water  into  b  reiervoii  at  the  height  of 
te<reTilj  feet,  whence  it  i)e>cencled  in  a  jet  into  a 
founlain  placed  in  the  conit  of  the  baildin^. 

Pa  pin  dedicBlea  a  diviiion  orhiideseripliTe  trea- 
tise to  a  compariton  of  (he  value  of  the  elector's 
engine  with  that  of  his  mal'a;  Savery's  merit 
ii  acknowledged  with  candour,  his  mechanism  is 
allowed  to  be  effeciive  and  meritorious,  and  hia 
idea  to  be  original.  With  so  much  ingenuousness, 
Iheiefore,  it  would  be  invidious  to  enter  into  a 
discnasion,  to  show  that  the  points  in  which  the 
Hessian  engine  difleied  most  from  Saveiv's,  were 
those  which  were  the  least  worthy  of  in 
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**  THIBK  IS  VO  ARTIST,  0&  HAN  Or  IVDUSTST,  WHO  MIXXTH 
7UIKIIIXHT  WITH  HIS  PBACTICK,  BUT  riNDBTH,  IN  THB 
TBAVAIL  OF  HIS  LABOTTB,  BKTTXB  AND  NKABXB  COUBSKB  TO 
MAKE  PXBFECT  TBB  BBAUTT  OF  HIS  WORK,  THAN  WERE  AT 
FIRST  PBESXNTED  TO  TUX  EYE  OF  BIS  KNOWLXDOE.*'—- itfisrA- 

ham. 


AONIKABLE  SI  Savery's  engine  was,  wlien  coin' 
[jared  to  Bsy  thing  that  had  beea  employed  to 
laiie  water  before  its  inveatioD,  laanj  serious  ob- 
jectiopi  lay  agaiaat  iti  uiefulneu.  Theoe,  hoir- 
ev.er,  aiojw  mi>ie  from  ao  loherenl  defect  in  tbe 
priDcijile  of  its  aclioo,  ihnn  fiom  a  nant  of  inse- 
Duit;  in  lelecling  Ihe  moat  proper  raethods  for 
carrying  tb?  scheme  into  piartice. 

TMre  could  be  no  question,  but  that,  even  in 
the  fonn  described  in  Savety's  book,  ils  power 
was  to  be  used  at  a  much  cheaper  rate  than  that 
of  animaU.  It  was  capable  also  nf  being  iucreased 
and  cODceottated  far  beyond  the  point  to  which 
Bnioial  pover  could  possibly  be  coacenlraled;  hula 
abort  eipeiience  was  only  necessary  to  show  that 
■leainiof. the  elasticity  used  bySavery,  was  a  dan- 
gerous agouti. that  on  account  of  ils  eipansive 
power,  (he  appaialus  was  often  d ""     " 


pg*ii"t  >ti  not  only  on  account  ot  the  difficulty 
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but  of  the  expense  that  was  incnrMd  in  providing^ 
workmen  to  make  the  repairs ;  for  it  wa«  not  then, 
as  now,  that  persons  were  to  be  had  experienced 
in  the  erection  and  reparation  of  steam  apparatus 
in  every  part  of  the  kingdom. 

Its  first  use,  and  location,  if  we  may  be  allowed 
the  term,  was  unfortunate  for  the  inventor  on  ano- 
ther account.  The  fuel  which  was  to  call  this 
power  into  being  had  to  be  brought  from  a  dis- 
tance. This  enhanced  its  price,  and  made  the  com- 
parison with  animal  power  still  more  unfavour- 
able in  an  economical  view. 

Several  causes  now  began  to  be  assigned  for  the 
waste  of  fuel.  The  steam^  which  was  admitted  into 
the  cylinders,  was  condensed  by  coming  into  con- 
tact with  the  surface  of  the  water  which  was  to  be 
elevated.  It  was  observed  that  this  water,  to  a 
small  depth,  required  to  be  heated  to  the  temper^ 
ature  of  the  incumbent  vapour,  before  **  the  ateaai 
"Was  strong  enough ''  to  expel  it  from  the  receiver* 
The  great  condensation,  arising  firom  the  vaponc 
coming  inio  contact  with  the  eoM  sides  of  th6  re- 
ceiver, entered  also  into  the  general  estimate  of 
the  causes  of  the  expense  of  fuel.  These  weie 
considered  grand  sources  of  the  **  great  waste  of 
fateam,*  and  It  foilowed>  of  as  many  of  eeals  as  mete 
burned  to  form  it. 

The  attempt  to  obviate  some  ef  these  evili  %MUi 
Bot  unaccompanied  with  serious  disadvaBtaget* 
^het)  the  sides  of  the  receivers  were  cooled  oiit 
moderately  by  Uie  effusion  of  coM  water  ea  the 
outside  of  the  vessels,  the  ^aceiitB  witlitn  the 
cyltnderwasproportioBably  imperl0ct$  fer,-«iileM 
Hs  sides,  as  well  as  the  sui^e  of  the  WBteiF,  weiw 
tooled  suficiendy,  vapour  ef  censidetable  elasv 
ttcity  still  remained,  and  eounteraoted  fhe  ptessi 
ore  of  the  atmospherie  o<^aui.    Tluf>  is  Aio^ 
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was  'generally  the  case;  for,  to  whatever  height 
Savery  could  raise  the  water  by  the  direct  pressure 
of  the  steam,  the  action  of  the  atmosphere  was 
limited  to  raising  it  to  twenty  or  twenty-one  feet, 
before  he  began  to  force  it. 

In  addition  to  these  drawbacks  was  that  of  de- 
pending on  the  attendant  for  opening  and  shutting 
the  cocks  at  the  proper  period.  This  was  a  fruit- 
ful source  of  accident,  and  consequently  of  ex- 
pense, keeping  its  great  danger  out  of  the  ques- 
tion ;  there  being  no  contrivance,  or  mechanism 
to  guard  against  the  accumulation  of  steam,  or 
prevent  the  risk  of  accident  from  an  explosion 
of  the  boiler.  It  may  be  remarked,  how- 
ever, that  as  the  boilers  and  pipes  were  usually 
made  of  copper,  this,  in  a  degree,  was  somewhat 
lessened.  At  this  period,  also,  it  was  seldom 
that  the  engine  could  be  used,  with  safety,  to 
raise  water  beyond  the  height  of  thirty  or  forty 
feet,  from  an  inability  of  making  all  the  parts  of 
a  strength  and  solidity,  which  they  seldom  had  the 
means  of  doing,  and  certainly  not  of  ascertaining 
the  fact  when  it  was  done. 

;  It  was  not  surprising,  therefore,  that  these  im- 
perfections should  have  materially  retarded  the 
introduction  of  Savery's  engine;  nor  that  they 
should  have  furnished  occasion  to  the  malicious, 
or  interested  to  exaggerate  its  imperfections,  and 
magnify  its  dangers.  The  latter,  however,  seema 
to  have  been  the  greatest  drawback  on  its  utility  ; 
for  many  of  the  mines,  which  were  still  produc- 
tive, were  so  deluged  with  water,  that  to  extract  It 
was  so  for  beyond  the  limit  of  animal  power,  that 
even  had  steam  been  a  much  more  expensive 
power,  it  must  have  been  resorted  to,  had  fur- 
ther operaftioBS  been  continued.  It  is  not  quite 
clear  wfaetber  Savery  iaiiodaced  them  into  any  of 
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miQAHy  or  wbal  wiis  iiU  i;ew9fal  mmtfgfmm^ 

of  the  apparatus  wbep  be  uaed  it  to  pump  vat«i; 
(torn  depthf  esceoding  tlia  height  of  the  atmo'^ 
spheric  cotuii^D..  In  the  ^'M.iver'fl  Friend^"  ^ 
suggests  a  series  of  engipes^  where  the  mines  wein 
deep^  .piaeed  at  the  height  q{  sixt^  feet  from  «f^h 
other }  thus  forcing,  the  water  only  to  the  mon 
derate  height  of  forty  or  fifty  (eet,  by  which  meuM 
the  temperature  of  t^e  st^am  could  seldom  e;(€e^ 
916°  or  220°.  In  particular  case««  this  was  aom«N 
Umes  <leparted  from*  Des^guUers  states,  that  h^ 
has  known  engines,  erected  by  Savory  long  a^ 
^is  period,  f^t  work,  when  the  ^team  was  of  tha^ 
beat  as  to  melt  soft  solder  ;;and  he  also  relatef  tl^ti 
particulars  of  an  accident,  which,  the  use  of  it  a^ 
this  lieat  occasioned.  }3ut  on  the  whole,  conflr 
during  the  uncoptrovilable  power  of  tha,'agent| 
which  may,  at  this  time^  be  cousidered  as  being 
first  called  inio  action,  the  matter  for  wonder  is^ 
Dot  that  such  casualties  might  happen*  or4id  hap^ 
pea,  but  that  in  so  short  a  time  th«  powers  of 
steam  vhoukl  have  been  applied  in  a  mourner  prOf* 
duciog  so  few  disasters;,  and  that  too^  i|^  A  stat^ 
of  the  appaiatvs,  inwhich^  es^cepting  mere  stmDgth 
of  pi^rts,  tfai^re  was  no  proKision  ouule  for  saAjr, 
or  (fontrivaoftes  to  allow  the  st^nn^  to  esc^p^ 
whan  it  accumulated  to  a  dangerous  limit  in  the. 
«ngine,  , 

The  ^oject  of.  proeuring  miction  by  the  fell  of  % 
piston  <mto  a,  vacaum  was  among  the.^Ues^  tp^ 
which  the  experimeats  with  the  air-pump  gftv« 
rise  I  and  vapour  was  now  shown  to  poa^esa  p^TO-* 
perties,  l»y  the  medium  of  which  this  idea  m>sl^( 
probably  be  esfri^d  into  execution.  .Thepe^w^^ 
but  one  opinion  with  r<9gar4  to  the  extent  and 
convertibility  pf  .the  power  which  might  tbpa  be 
created*     Xt§.  ii9g«lMr»  pim^i^Ct  wi  ftf»#»rotoii 


j^yJiMHtoa  nas'tbe  t»rol^lem  pfMeiited  for  iolutloii 
to  the  iiigeiii2it}r  of  fnrftctical  ttfecbanicB. 

la  veViewiiig'  the  eiperimeiiti  which  had  been 
nade  in  the  attempt  to  accomplish  this  grand  oh- 
j«et>  it  is  not  a  little  Tcmarkable,  that  notwithstand- 
ing the  important  purposes  to  which  its  applica- 
tion bad  been  soggesleci,  so  little  waa  done  towaidf 
Reflecting  what  may  be  called  the  preliminary 
mechamsm,  by  persons  familiar  with  the  projectt 
and  labours  of  their  predecessors  on  this  subject^ 
and  who  themselves  were  ranked  as  mechanics  o# 
the  highest  order  for  forecast  and  invention.  Dr. 
Hooke,  one  of  the  most  ingenious  and  persevering 
mechanics  that  England  ever  produced^  must- 
especially  be  noticed  as  having  evinced  h  snrpria** 
ing  apathy  to  every  thing  connected  with  thia 
machine.  He  was  in  the  prime  of  life  when-  the 
Vauihall  engine  was  in  being;  he  knew  of 
Papin's  schemes  described  in  the  "  Acta  Eradi- 
torum;"  and  he  aho  knew  of  the  fine  improvement' 
suggested  in  the  <^  Recueil/'  (1695J  if  the  &ct 
may  be  inferred  from  this  book  being  in  his  libra'' 
py ;  and  be  could  not  have  been  ignorant  of  Savery's 
labours,  in  combming  a  mechanism  to  employ^ 
-vapour  in  a  different  manner ;  yet  in  a  letter^  of 
-#hich  some  extracts  are  preserved  among  hisr 
papers  in  the^fibmry  of  the  Royal  Society,  the  pre-*' 
possession  ^e  had  throughout  shown  against  the 
ftrat  MarpuTg  schemes  appears  to  have  influenced 
a  hasty  decision  also  agamst  the  last;  for  he  dis*' 
tuadea  an  indtvidnal,  who  had  applied  to  him  foe 
•dvice  on  some  prefect  for  producing  a  first 
mover  on  this  principle,  from  proceeding  furthei^ 
in  his  experiments,  as  the  idea  was  grounded  on  a 
fillacy. 

Of  Thomas  Newcomen,  the  person  to  whom* 
Hiit  iidvk^  was  ftddreiiied,  and  wheae  name  and 
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labours  will  henoefiMrwaid  occupy  a  prdmitMit 

Btation  in  the  history  of  the  improvement  of  the 
steam-eogine,  nothiog  is  known  beyond  a  few 
particulars  incidentally  furnished  by  Deaaguliers^ 
when  describing  his  inventions.  All  that  can  be 
gleaned  from  this  source  isi  that  he  was  a  black* ' 
smith,  residing  in  the  town  of  Dartmouth,  in 
Devonshire;  and  the  unimportant  feet,  that  be  was. 
a  member  of  a  religious  sect,  differing  in  some 
points  of  ecclesiastical  discipline  from  the  na-. 
tional  church,  and  on  that  account  forming  a  sepa-. 
rate  communion  under  the  denomination  of  Bap« 
lists.  The  place  and  time  of  his  birth  and  death 
are  alike  unknown ;  and  after  the  lapse  of  a  century 
it  were  vain  to  hope  to  gratify  a  laudable  curi<-. 
osity,  by  rescuing  even  a  single  traditionary  anec- 
dote^  either  of  his  habits  or  acquirements,  from 
oblivion.  From  the  respectful  manner  however  in 
which  Dr.  Allen  mentions  *'  his  very  good  friend, 
the  ever-memorable  Mr.  Newcomen,  whose  death 
he  very  much  regretted/'  we  may  conclude  that 
he  enjoyed  that  rank  in  society,  and  regard  of  men 
of  merit,  which  his  admirable  inventions  gave  him 
so  strong  a  claim  to ;  and  of  his  colleague  and 
townsman,  John  Cawley,  all  that  is  known  of  his 
history  is,  *^  that  he  made  provision  for  the  day  that 
was  passing  over  him  by  ioUo  wing  the  occupation 
of  a  glazier;  his  labours,  whatever  they  were,  have 
never  been  discriminated  from  those  of  Newco* 
men.'' 

Dr.  Hooke's  letter  to  Newcomen,  which  has 
been  stated  as  dissuading  him  from  wasting  his 
time  and  labour  in  any  attempt  to  produce  motion 
on  Papin's  plan,  contains  a  very  remaduible  ex- 
pression; remarkable,  as  showing  his  total  igno* 
lance  of  the  rapidity  with  which  steam  was  con- 
densed by  contact  with  a  cold  body.    '<  Could  he^ 
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(meaaiiii:  Papin),  make  a  speedy  racunm  under 
your  piston^  your  work  is  done." 

This  discouraging  opinion,  though  given  by  so 
great  a  mechanic,  had  not  the  effect  of  damping 
the  ardour  of  Newcomen  and  Caw  ley ;  for  the  next 
time  we  hear  of  them  is  as  haying  followed  out 
the  idea  of  producing  a  first  motion  by  the  fall  of 
a  piston  into  a  vacuum  made  by  means  of  steam, 
a  scheme  discarded  by  Uooke  for  being  siir* 
rounded  with  almost  insuperable  difficulties. 

The  rough  experiment  differed  little  from  that 
made  many  years  before;  but  a  slight  deviation 
in  their  apparatus  opened  a  path  to  the  Dart- 
mouth mechanics,  which  their  predecessor  had 
either  overlooked  or  disregarded. 

On  a  cursory  inspection,  this  experiment  varies 
not  from  Papin's* ;  the  leading  idea  is  unquestion- 
ably the  same,  yet  the  application  and  the  result 
are  totally  different.  In  the  Marpurg  cylinder, 
the  sieam  raised  the  pitton;  the  vapour,  there* 
fore,  required  to  be  of  a  temperature  considerably 
above  that  necessary  to  balance  the  atmospheric 
column.  The  substitution  of  a  lever  for  the  rack 
and  wheel,  or  for  the  axle  and  ropes,  was  not  only 
more  convenient,  but  much  simpler;  and  to  the 
facility  of  raising  the  piston  by  a  counterpoise, 
which  this  arrangement  presented,  may  have  been 
owing  the  disuse  of  high-pressure  steam  in  New- 
comen's  future  experiments. 

This  will  be  better  understood  by  a  reference 
to  the  diagram.  The  steam  generated  in  a  boiler, 
distinct  from  the  cylinder,. permitted  these  vessela 
to  be  placed  permanently  in  the  most  convenient 
position.  The  piston,  fixed  to  a  rod,  was  attached 
by  a  joint  or  chain  to  the  end  of  a  lever,  vibraik- 

P.  9S,  chap,  iu, 
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hi^  on  ttQ  axis,  and  the  rod  of  a  pump  or  othut 
weight  was  fixed  to  the  opposite  extremity  of  thia 
balanced  beam  or  lever*. 

The  space  undet  the  piston  being  filled  with 
ateam>  and  cold  water  applied  to  the  sides  of  the 
vessel,  the  Tapour,  was  conden8ed>  and  the  co* 
lumn  of  air  which  rested  on  the  piston  pressed  it 
to  the  bottom  oC  the  now  empty  cylinder.  The 
fall  of  the  piston  depressing  that  end  of  the  lever 
to  which  it  was  fixed,  elevated  tlie  opposite  end) 
and  thus  drew  up  the  weight  suspendcMl  from  it. 
In  this  experiment  the  ontline  of  the  atmospheric 
engine  was  complete. 

The  power  acquired  by  this  means  will  be 
readily  understood  by  a  reference  to  the  simplest 
experiments  with  the  air-pump.  A  square  inch  of 
the  surface  of  every  body  is  pressed  with  a  column 
of  air  which  weighs  about  14 1  pounds;  a  piston, 
therefore,  measuring  six  inches  on  the  side,  or  36 
aquare  inches,  is  pressed  with  a  weight  of  531 
pounds. 

When  the  water  in  the  boiler  is  heated  to  918 
degrees  (Fahr.)  the  steam  is  capable  of  resisting 
this  weight  of  air;  that  is,  supposing  a  piston  at 
the  lop  of  the  cylinder*  and  the  space  under  it  filled 
with  steam  of  812  degrees,  the  piston  would 
remain  in  its  position ;  if  the  steam  were  raised  to 
814  degrees  it  would  be  rained  out  of  the  cylinder. 
But  if  the  vapour  beneath  it  was  only  208  degrees, 
the  piston'  would  move  downwards ;  that  is, "  the 
elastic  force  of  the  vapour  of  this  heat  would  be 
too  weak  to  resist  the  weight  of  air  pressing  on  the 
piston.'* 

If)  as  has  been  already  described,  the  steam 
in  the  cylinder  is  heated  to  818  degrees^  the  pis- 

*Sstvigattle»p«ld9. 


FRterioN  ev  »aet8.  14Y 

ton  will  be  supported  by  It,  or  pievented  from 
falling  downwards;  but  if  cold  water  be  applied 
to  the  sides  of  the  cylinder,  and  the  steam  with- 
in it  cooled,  or  condensed  into  water,  it'  is  obri- 
•ous  that  the  entire  space  which  the  steam  occu- 
pied (deducting  that  which  is  filled  by  the  water 
into  which  it  has  been  converted)  is  a  ^aouou* 
9pace,  or  the  cylinder  contains  nothing  able  to  re- 
«st  the  great  weight  of  air  laying  on  the  piston  ; 
that  body,  therefore, /o/fo  into  the  cylinder  in  the 
same  manner  as  a  piece  of  iron  weighing  591 
pounds  would  do ;  and,  by  using  proper  interme- 
diate means,  is  capable  of  performing  the  same 
effects  that  a  piece  of  iron  or  other  body  of  this 
weight  can  effect  which  falls  from  the  same  height 
that  the  piston  fell  in  the  cylinder. 

That  is  on  the  supposition  that  the  motion  of 
the  piston  in  the  cylinder^  met  with  no  retarda- 
tion by  rubbing  or  sliding  along  its  surface,  and 
that  the  balanced  beam  moved  on  its  aitis  with- 
out experiencing  any  resistance;  but  in  practice 
the  case  is  widely  different.  Even  when  the  inside 
ef  the  cylinder  is  finely  polished,  and  truly  circu- 
lar, and  the  sides  of  the  piston  made  to  work  into 
the  oircnlar  vessel  with  precision,  and  the  balanced- 
beam  to  move  freely  on  its  axis,  a  considerable 
resistance  is  offered  to  the  descent  and  rise  of  the 
piston,and  to  the  vibration  of  the  beam  hy  friction. 
In  this  simple  mechanism  it  would  probably  re- 
quire forty  or  fifty  pounds'  weight  to  be  hung 
at  the  extremity  of  the  beam  to  raise  the  piston 
from  the  bottom  to  the  top  of  the  cylinder,  sup- 
posing steam  of  212  degrees  was  admitted  to 
fiow  into  the  space  as  the  piston  rose.  This 
power  woutd  therefore  be  considered  as  lost,  be- 
cause it  is  expended  merely  in  moving  the  machi- 
nery; at  this  time  another  portion  of  the  power^ 
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or  weig^ht  of  air,  on  the  piston,  was'  generally 
absorbed  in  consequence  of  a  want  of  means 
to  form  the  cylinder  and  piston  perfectly  true; 
and,  when  the  vacuum  was  produced^the  air  insi- 
nuated itself  into  the  spaces  left  by  the  inequali- 
ties of  the  work  under  the  piston^  and^  of  course, 
prevented  its  descent.  The  edges  of  the  piston 
were  therefore  packed  or  fitted  with  some  sub- 
stance, which  was  elastic,  and  receded  and  ex- 
panded from  protuberances,  and  into  spaces,  dur- 
ing the  motion  of  the  piston.  Hemp  was  often 
used  for  this  purpose;  sometimes, say  the  authors 
of  the  time,  leaiher  *  was  tried ;  with  both  tallow 
was  used,  as  well  to  lubricate  the  surfaces  as  to 
fill  up  the  pores  of  the  packing,  and  a  quantity  of 
water  was  also  allowed  to  lay  upon  the  top  of  tho 
piston. 

The  complete  condensation  of  all  the  steam 
qnder  the  piston  was  another  circumstance  essen- 
tial to  the  developement  of  the  full  power  of  the 
mechanism :  if  this  were  not  accomplished,  the 
vapour  that  remained  resisted  the  -weight  of  the 
atmospheric  column  in  proportion  to  its  tempera- 
ture. The  effect  of  this  was  to  diminish  the 
amount  of  weight  that  could  be  suspended  from 

*  '*  About  the  year  1717, 1  oommnnieated  to  Mr.  H.  Beigli- 
ton,  the  use  of  the  steel-yard  over  the  pappet-clack  or  safety 
valve,  which  he  applied  to  some  en^nes.  The  way  of  leather- 
ittg:  the  piston  was  found  by  accident,  about  VflS :  havings 
then  screwed  a  large  broaa  piece  of  leather  to  the  piston 
which  tamed  np  the  sides  of  the  cylinder  two  or  three  inches, 
in  working  it  wore  through,  and  cut  that  piece  from  th« 
other,  whtch  falling  flat  on  the  piston  wrought  with  its  edge 
to  the  cylinder,  and  having  been  in  a  long  time  was  worn 
very  narrow,  which  being  taken  out,  they  had  the  happy  dis- 
covery, whereby  they  found,  that  a  bridle-rein,  or  even  a 
soft  thick  piece  of  rope  or  match  jroing  round,  would  make 
the  piston  air  and  water  tight."  Pesagnliers*  Experimental 
Fhiloiopby,  p.  33&  yoL  ii. 
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the  punip-eiid  of  the  beam ;  that  In,  if  th#  raponr 
femainin^  in  the  cylinder  had  a  temperature  which 
would  resist  a  column  of  air  equal  to  three  or  four 
pounds  on  the  square  inch^  so  much,  of  course, 
was  deducted  from  the  total  pressure  of  air  on  the 
cylinder.  The  air  itself  had  also  an  effect  in  pre* 
venting  the  fall  of  the  cylinder,  even  when  it  was 
prevented  by  the  usual  means  from  finding  its  way 
into  ^e  racuum  between  the  sides  of  the  receiver 
and  the  piston.  The  water  from  which  the  steam 
was  generated  contained  more  or  less  air,  which 
boiling  disengaged ;  this  entered  with  the  vapour 
into  the  vacuum;  the  steam  with  which  it  waa 
mixed  could  be  condensed,  but  air  could  not,  and 
it  remained  in  the  cylinder,  and  prevented,  by  its 
greater  or  less  action,  the  fell  of  the  piston,  by 
filling  the  space  under  it:  from  this  cause  alone, 
(and  which  was  afterwards  known  by  the  term  of 
wind-iogffed,)  this  engine  must  have  soon  ceased 
its  motion.  This  defect  could  seldom  be  very 
apparent  in  Savery^s  apparatus,  and  a  small  quan* 
tity  of  air  always  lay  ii^  in  his  receivers  would  be 
rather  an  advantage  than  otherwise,  as  it  would  pre- 
vent the  cold  surrace  of  the  water  from  condensing 
the  vapour;  and,  lastly, the  new  f^^rm  of  the  steam 
cylinder,  which  now  required  to  be  open  at  the  top 
and  perfectly  cylindrical,  and  placed  perpendicu- 
larly, was  exceedingly  unfavourable  for  permitting 
the  vapour  to  be  condensed,  as  Savery  did  it,  by  an 
affusion  of  cold  water  on  the  outside  of  the  vessel ; 
indeed  his  scheme  would  have  been  nearly  ira- 
practicable  with  Newcomen  and  Cawley^s  appa- 
ratus* 

The  defects  of  this  rough  experiment  have  been 
enumerated  at  a  greater  length  than  their  import- 
ance may  seem  to  demand,  but  as  it  is  only  in  the 
first  stage  of  the  invention  that  the  steam  cylinder 
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of  Papin  can  be  bioiigbt  into  the  comparison,  it  ap- 
peared but  fair  that  the  peculiarities  of  each 
should  be  even  amply  displayed :  for  on  the  i?hoIe, 
aUhoug^li  PapiQ  may  be  certainly  considered  as  the 
author  of  the  mode  of  elevating  a  piston  by  steam, 
and  afterwards  condensing  the  vapour,  his  labours 
beyond  the  first  step  could  offer  but  small  assist* 
ance  to  Newcomen  and  Cawley. 

The  difference  that  the  use  of  a  lever  proba- 
bly made  in  the  experiment  of  Newcomen  has 
been  already  stated.  The  pipe  by  which  Papin 
supplied  his  cylinder  with  water,  also  served 
as  a  pipe  by  which  the  air  which  was  disen- 
gaged from  the  water  escaped  from  under  the 
cylinder. 

These  ingenious  persons  had,  however,  a  rival 
to  propitiate,  who  claimed  the  invention  of  a  part 
of  the  mechanism* ;  and  the  individual  who  urged 
this  claim,  was  not  only  a  man  of  enterprise,  but 
had  both  the  influence  and  means  to  maintain  his 
pretensions;  and  without  his  concurrence,  New- 
comen and  Cawley  found  it  impossible  that  their 
scheme  could  ever  be  carried  into  practice— Cap* 
tain  Savery  was  in  possession  of  the  right  to  use  the 
method  of  making  a  speedy  vacuum  by  eondenttmg 
Steam;  and  in  the  grant  of  an  exclusive  privilege 

**  **  As  the  best  and  most  useful  inventions  and  improve< 
ments,  which  have  been  discovered  either  in  art  or  nature, 
have  in  tha  process  of  time  been  subject  to  the  same,  so  this 
ingenioas  e^entleman,  {Mr.  Newcomen,)  to  whom  we  owe  this 
late  invention,  (the  JTire-engine  of  Savery,)  has,    with  a 

Sreat  deal  of  modesty,  but  as  much  judgment,  given  the 
^  nishing  stroke  to  it.  It  is,  indeed,  generally  said  to  be  an 
improvement  on  Mr.  Savery 's  engine ;  but  I  am  well  informed 
that  Mr.  Newcomen  was  as  early  in  his  invention  as  Mr. 
Saverv  was  in  his,  only  the  latter,  being  nearer  the  Court, 
had  obtained  his  patent  before  the  other  knew  it;  on  which 
aocottnt  Mr.  Newcomen  was  glad  to  come  in  as  a  partner  to 
it."— VoL  ii.  p.  %i<i.,Smtxer'9Hyirwtatiet^ 
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for  the  new  epg^n^,  hia  interest  was  connilted  by 
associating  his  name  with  that  of  Newcomenand 
Caw  ley  in  the  patent.  But  in  their  future  opera- 
tions, we  so  completely  lose  sight  of  Savery,  that 
it  were  great  injustice  to  these  ingenious  men  to 
suppose  for  an  instant  that  he  did  any  thing  but 
receive  his  share  of  the  profits  of  the  speculation. 

From  the  moment  that  Newcomen  and  his  col- 
league found  themselves  clearly  in  possession  of 
the  principle,  their  most  assiduous  care  appears 
to  have,  been  exerted  in  removing  the  imperfec- 
tions of  their  apparatus;  and  one  deficiency  which 
they  supplied  in  a  very  early  stage  was  a  means 
to  condense  the  steam  without  throwing  cold 
water  over  the  vessel^  as  in  Savery's  engine. 
This  was  an  object  of  great  practical  import- 
ance, as  it  is  extremely  probable  that  the  boiler 
was,  in  the  very  first  attempts  (as  it  continued 
to  be  for  nearly  fifty  years  afterwards,)  placed 
beneath  the  cylinder ;  and  in  this  arrangement  it 
obviously  was  impossible  so  completely  to  pro- 
tect the  top  of  the' boiler  from  being  splashed  by 
the  water  thrown  on  the  cylinder,  as  to  prevent 
a  condensation  of  the,  steam  with  which  it  was 
filled,  and  which  it  was  essential  to  preserve  at  a 
high  temperature. 

Instead  of  throwing  cold  water  on  the  cylinder, 
c,  as  in  the  diagram,  Newcomen  surrounded  that 
vessel  with  cold  water,  and  by  this  means  every 
part  of  the  surfece  was  expoi^d  to  the  cooling 
influence.  The  steam  cylinder  was  thus  placed 
as  it  were  within  another,  and  the  space  x,  be- 
tween them  contained  the  condensing  medium. 
(Figure  marked  Newcomen,  A.)  But  short 
experience  would  show,  that  this  contrivance 
could  only  be  practised  with  effect  under  cer- 
tain circumstances.    The  practical  inconvenience 
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vkich  ramlled  wat,  that  tbe  water  which  cooled 
the  ftoanny  itself  became  heated  in  the  proceM, 
and  was  thus  unfit  to  produce  the  efifect  which 
it  was  introduced  into  the  concentric  apace  to 
perform.  It  was  also  necessary  that,  when  the 
cylinder  was  Ailing  .with  steam,  the  space  be- 
tween it  and  the  outer  vessel  should  either 
contain  water,  nearly  of  the  temperature  of  the 
steam  within,  to  prevent  condensation,  or  it  should 
be  entirely  empty.  Means,  therefore,  were  to  be 
taken  to  supply  cold  water  with  great  rapidity; 
when  the-  condensation  was  to  be  produced,  and, 
of  course,  to  withdraw  with  equal  rapidity  that 
portion  which  had  become  heated  by  its  contact 
with  the  hot  cylinder. 

The  cistetn  for  the  cold  water,  m,  (in  the  figure . 
marked  Newconbn  B.)  could  not  be  more  con~ 
veniently  placed  than  over  the  cylinder,  and  a 
pipe,  n,  conducted  the  water  from  it  into  the  space 
sr, formed  by  the  casing.  Another  pipe,  h,  con- 
ducted that  which  had  become  heated  into  the 
reservoir,  k. 

^  The  steam  which  was  condensed,  and  the  injec- 
tion water,  formed  within  the  cylinder  a  quantity  of 
hot  water,  which,  altliough  of  small  bulk  when 
measured  after  one  or  two  condensations,  quickly 
accumulated  beneath  the  pistons  when  the  machine 
was  in  action,  and  would,  by  its  doing  so  beyond 
a  certain  limit,  entirely  stop  its  motion.  To  carry 
this  off,  a  pipe,  t,  was  insetted  into  the  bottom  of 
the  cy Underhand  conveyed  downwards, and  its  end 
was  inserted  into  a  cistern,  y.  In  adjusting  this 
pipe,  attention  was  also  to  be  had  to  the  pree^ure 
of  the  atmosphere;  for  unless  it  were  of  suflicient 
length,  as  it  communicated  with  a  vacuum, formed 
at  each  stroke  under  the  piston,  the  water  would 
be  forced /rom  the  ciefem  into  the  cinder  instead 
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of  falliog  f(om  it.  This  pipe  was  therefore  made 
to  descend  to  a  depth  of  about  SO  feet  below  the 
bottom  of  the  cylinder. 

Still  the  air,  which  might  find  its  way  into 
the  cylinder  by  the  sides  of  the  piston,  or  whicli, 
rising  from  the  water  into  the  boiler>  mixed 
with  the  steam,  was  disengaged  when  the  vapour 
was  condensed,  was  also  to  be  extracted  from 
this  vessel ;  this  is  found  in  the  very  earliest  en< 
gines  to  be  done  by  placing  a  pipe, «,  at  the  lower 
part  of  the  cylinder,  and  opening  inlo  the  at- 
mosphere, having  a  valve  placed  at  its  ex- 
tremity, opening  upwards,  and  inserted  in  a  sort 
of  cap,  containing  water.  The  descent  of  the 
piston  compressing  the  air,  made  it  raise  this 
valve*,  and  as  soon  as  it  had  escaped,  the  water 
which  lay  over  it  sufficed  to  make  the  valve  air- 
tight. Some  authors  state  that  this  air  was  ex- 
pelled along  with  the  water  through  the  descend- 
ing pipe,  but  this  must  have  been  in  all  cases 
inconvenient,  and  in  many  impracticable. 

A  stream  of  water  was  also  allowed  to  flow 
upon  the  piston,  in  order,  by  interposing  a  denser 
substance  than  air,  to  make  the  piston  still  more 
air-tight  than  it  could  be  by  the  packing. 

The  junction  of  the  boiler  and  stearn'cyiinder 
was  ipade  by  a  pipe  t,  proceeding  from  the  top  of 
the  one,  and  inserted  into  the  bottom  of  the 
pther,  having  a  cock,  e,  to  interrupt  the  flow  of 
steam  at  pleasure.  And  the  height  of  the  water  in 
the  boiler  was  ascertained  by  the  same  means 
that  Savery  had  adopted, — using  two  pipes  of 
diflierent  lengths,  which  he  called  Gauge  pipes,  2. 

*  **  This  is  called  the  sniffing  valve,  because  the  air  makes 
a  noise  every  time  it  blows  through  it  like  a  man  sniffing  with* 
a  cold/*'^p.  474.  vol.  II.  Des^lieis*  Experimental  Philo- 
tophy. 
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It  has  already  been  observed,  that  from  their 
first  trials^  Newcomen  and  Cawley  operated  with 
steam^  whose  temperature  never  exceeded  that  of 
boiling  water ;  and  the  vapour  was  used  strictly 
eu  a  means  of  forming  a  vacuum.  The  weight  of 
the  piston,  its  friction,  and  the  friction  of  the  axis 
of  the  balance-beam,  and  the  resistance  of  the 
pumps,  had,  therefore,  to  be  overcome  by  other 
means,  and  the  eounierpoise,  w,  was  an  effective 
and  obvious  one ;  this  was  a  weight,  hung  on  the 
balance-beam,  generally  on  the  pump*rod,  as 
shown  in  the  figure. 

The  operation  of  this  improved  apparatus  is  very 
simple.  When  the  water  has  been  raised  to  the 
temperature  of  812  degrees,  and  the  cavity  of  the 
boiler  filled  with  steam,  the  cock,  0,  is  turned, 
and  a  communication  is  thus  opened  between  the 
cylinder  and.  boiler;  and  the  counterpoise  draws 
the  piston  to  the  top  of  this  vessel.  When  the 
piston  is  in  this  position,  the  cock,  e,  is  turned  to 
Its  first  position,  and  the  fuither  flow  of  steam  is 
prevented.  Col-J  water  is  now  allowed  to  fall 
through  the  pipe,  n,  proceeding  from  the  cistern 
into  the  space  between  the  cylinders,  and  filling 
it,  condenses  the  steam  under  the  piston ;  the 
weight  of  air  resting  upon  it,  presses  it  down- 
waids  into  this  vessel,  which  elevates  the  weight 
on  the  other  end  of  the  beam,  or  the  water  in  the 
pumps.  When  the  piston  has  reached  the  bottom 
of  the  cylinder,  or  as  it  is  termed,  made  its  stroke, 
the  steam-cock  is  again  opened,  the  cistern-cock 
shut,  and  an  equilibrium  being  thus  restored  be- 
tween the  two  sides  of  the  piston,  the  counter^ 
poise  as  before  acts  to  pull  it  to  the  top  of  the 
cylinder,  and  the  apparatus  is  again  ready  to 
make  another  stroke.  At  the  instant  when  the 
piston  has  nearly  anived  to  the  limit  of  its  stroke. 
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and  before  the  steam-cock  is  opened,  the  cold- 
water  pipe  is  shut,  and  the  cock  h,  permitting  its 
fall  into  the  cistern,  opened,  so  that  when  the 
steam  was  admitted  into  the  cjf  Under,  the  annular 
space  was  empty.  In  another  arrangement,  the 
water  which  had  been  heated  by  the  previous 
stroke  was  allowed  to  remain>  until  the  piston  had 
been  raised  nearly  to  its  limit;  it  was  then  al- 
lowed to  flow  into  the  reser? oir,  and  was  replaced 
by  the  cold  water  from  the  cistern.  The  water 
arising'  from  condensation  escapes  by  the  pipe,  t, 
and  the  air  by  the  other  pipe,  9, 

The  waste  of  water  in  the  boiler  by  evapo- 
ration was  supplied  by  Newcomen  in  a  simpler 
manner  than  in  Savery^s  engine ;  and  part  of  the 
heat  which  was  lost  by  the  condensation  of  the 
steam  in  the  Captain^s  machine,  was  saved  by  re* 
plenishing  the  boiler  with  the  water  which  had 
been  heated  between  the  cylinders;  by  conducting 
it  into  a  pipe  rising  from  the  boiler,  or  pumping 
it  into  this  pipe  from  the  reservoir,  into  which 
the  heated  water  fell  both  from  the  inside  and  out- 
side of  the  cylinder. 

It  were  almost  superfluous  to  notice  the  pro- 
digious difierence  in  safety  between  this  machine 
and  that  of  Savery ;  and  to  point  out  the  variety  of 
situations,  in  which  the  lever  engine  must  be  a 
more  convenient  agent  than  its  rival  apparatus* 
But  there  were  circumstances  demanded  in  the 
construction  of  the  one,  which  were  not  essential 
in  the  other,  which  were  greatly  in  favour  of  that 
the  most  deficient  in  principle. — One  of  the 
greatest  objections  attached  to  Newcomen^s  ap- 
paratus, was  the  accuracy  of  workmanship  which 
was  demanded  in  the  construction  of  the  cylinder 
and  piston,  and  which  could  hot  be  obtained  by 
any  of  th^  mechanical  meaM  then  resorted  to: 
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this,  added  to  the  imperfect  vacuum,  that  could 
only  be  formed  by  the  cooling  of  the  outside  of  the 
cylinder,  made  Newcomen's^  in  the  comparison^ 
a  much  less  effective  machine  than  Slavery's, 
and  quite  as  expensive.  The  opening  and  shut- 
ting of  the  cocks  by  hand  practised  in  both,  made 
them  equally  inconvenient  in  this  respect,  but 
still  the  advantage  lay  with  Savery ;  for  inattentioti 
on  the  part  of  the  attendants  was  not  productive 
of  so  much  irregularity  as  with  the  lever  engine 
— this  last  requiring  a  degree  of  precision,  much 
greater  than  was  demanded  by  the  other. 

Desaguliers  relates  that,  in  1711,  an  offer  made 
by  Newcomen,  to  drain  water  from  a  mine  at 
Griff,  in  Warwickshire,  was  not  accepted,  from  a 
doubt  as  to  its  practicability ;  but  that  in  the  suc- 
ceeding spring,  Newcomen  succeeded,  through  his 
friend,  Mr.  Potter,  of  Bromsgrove,  in  Worcester- 
shire, in  getting  a  contract  to  draw  water  from  a 
mine  belonging  to  a  Mr.  Back,  at  Wolverhamp- 
ton*. The  account  of  their  first  trial  is  curious, 
as  exhibiting  the  difficulties  the  inventors  had  to 
cope  with,  even  after  the  machine  was  invented  ; 
although  carried  into  execution  in  a  rough  way, 
it  was  still  far  from  being  in  a  state  able  to  realize 
even  moderate  expectations.  "  After  a  great  many 
laborious  attempts,  having  at  last  made  the  engine 
work,  but  not  being  philosophers  enough  to 
understand  the  reasons,  or  mathematicians  enough 
to  calculate  the  powers  and  proportions  of  the 
parts,  they  very  luckily  found  by  accident  what 
they  sought  for. — They  were  at  a  loss  for  the 
pumps,  but  being  so  near  Birmingham^  and  having 
the  assistance  of  so  many  admirable  and  inge- 
nious workmen,  they  soon  came  to  the  method  of 
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ifiakiDg  the  pomp,  valves,  clacks,  and  buckets, 
whereas  they  had  bat  an  imperfect  notion  of  them 
before*." 

The  erection  of  this  machine  led  to  an  improve- 
ment which  added  prodigiously  to  its  power,  as 
well  as  to  the  uniformity  of  its  operation.  The 
usual  manner  of  condensing  the  sleam  by  cooling 
the  cylinder  was  not  so  effective  in  practice,  as  at 
first  sight  it  might  appear  to  be,  the  vacuum  pro- 
doced  by  this  means  was  exceedingly  imperfect ; 
a  defect  in  their  apparatus,  the  existence  of  which 
was  cautiously  guarded  against,  as  being  a  great 
aggravation  of  this  defect,  led  not  only  to  its  entire 
removal)  but  to  the  simplification  in  no  ordinary 
degree  of  the  general  mechanism  of  the  engine. 
It  was  of  essential  importance  to  the  action  of  the 
piston,  to  keep  the  cylinder  beneath  it  free  from 
air,  and  to  guard  in  the  most  effectual  manner 
against  any  gaining  admission  by  the  sides  of  the 
piston :  for  this  purpose,  a  quantity  of  water  was 
kept  laying  upon  it,  which  was  from  time  to  time 
renewed  from  the  cistern  by  a  cock  and  pipef*. 
On  the  first  trials  of  this  engine,  the  inventors  were 
surprised  to  see  it  "  go  several  strokes,  and  very 
quick  together;  when,  after  a  search,  they  found 
a  hole  in  the  piston,  which  let  the  cold  water  in 
to  condense  the  steam  in  the  inside  of  the  cylinder, 
whereas  before  they  had  always  done  it  on  the 
outside." 

This  fortunate  discovery  led  to  the  mode  of 
condensing  the  steam  by  an  injection  of  cold  waste 
inside  of  the  cylinder,  instead  of  doing  the  same 
thing  by  cooling  the  surface  of  the  outer  ves- 
sel ;  and  this  also  suggested  a  method  of  regu- 
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luting  th6  tpeed  of  the  apparaiusi  when  the  weig^ht 
on  the  pump9  wai  variable,  or  the  engine  working 
agpainst  a  resistance  beneath  its  power :  a  larger  or 
a  smaller  qiiantity  of  injection  water  thrown  'into 
the  cylinder,  produced  a  less  or  a  more  perfect 
vacuum. 

In  the  figure  (marked  Newcombn,  B,),  the 
parts  remain  as  before,  but  instead  of  the  water 
flowing  into  the  concentric  space,  the  vessel  which 
formed  it  was  dispensed  with,  and  a  pipe>  n, 
and  cock,  p,  (called  the  ityection  pipe  and  tt^'ec- 
tion  cock,)  proceeding  from  the  cistern,  was  in- 
serted into  the  bottom  of  the  cylinder.  'When 
that  vessel  was  filled  with  steam,  turning  the 
injection  cock,  p,  allowed  a  jet  of  cold  water  to  rise 
through  the  vapour :  by  this  means  the  condensa- 
tion, when  compared  with  the  other  process,  was 
complete  and  inttantaneota.  The  greater  quantity 
of  water  which  had  now  to  be  removed  from  the 
cylinder  was  taken  of  by  the  syphon  pipe, i,  as  be« 
fore ;  and  the  air  which  was  introduced  by  the 
same  means,  also  escaped  from  the  pipe, «,  as  al* 
ready  described  in  the  explanation  of  the  previous 
figure. 

There  is  now  no  means  of  ascertaining  what 
progress  was  made  in  introducing  Newcomen's 
engine  into  practice.  Bradley  incidentally  men- 
tions one  belonging  to  a  Mr.  Louder,  of  Newhaven, 
which  was  a  considerable  improvement  onfiavery'a 
invention. 

The  same  writer  describes  one  made  by  the 
late  Mr.  Savery,  and  erected  by  the  inventor  about 
1712  for  '^  tliat  curious  gentleman  Mr.  Balle,  at 
Cambden-hoBse,  which  has  succeeded  so  well,  that 
there  has  not  been  any  want  of  water  since  it  has 
been  built ;  and  Cor  the  improvement  of  the  curi- 
ous" he  gives  a  design  of  it,  <*  which  hq  thinks  the 
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iruesUpioporUoiied  of  edjt  about  London :"  this 

formsthesabjectof  the  eograving(marked  Satert, 
M.)^  '^  b,  a  boiler  containing  39  gallons,  e,  a  re- 
ceiver holding  18  gallons;  the  pipe^  g,  from  the 
aarfiftce  of  the  water  to  the  engine-tree^/,  is  16  feet^ 
which  is  the  length  that  it  sucks  the  water,  but  it 
may  be  made  to  draw  the  water  28  feet ;  the  engine- 
tree,  up  to  the  great  cistern  which  receives  the 
water,  is  48  feet,  but  might  be  a  hundred  feet 
high  if  such  a  quantity  of  steam  be  allowed  as  is 
proportionable  to  the  length  of  the  pipe.  The 
diameter,  as  well  of  the  nuskmg  fdpe,  g,  as  of  the 
force  pipe,  I,  is  8  inches ;  of  the  steam  pipe,  4, 
about  an  inch«  When  this  engine  begins  to  work, 
you  may  raise  four  of  the  receivers  full  of  water 
in  one  minute,  which  is  53  gallons,  and  at  that  rate 
in  an  hour's  time  may  be  flung  up  about  8120  gal- 
lons, which  is  above  6  barrels — or  if  there  were 
two  receivers,  one  to  suck  while  the  other  dis- 
charged itself,  as  has  been  practised,  we  might 
raise  6240  gallons  in  the  same  time.  The  prime 
cost  of  such  an  engine  is  about  50  pounds,  and  the 
■quantity  of  coal  required  for  each  working  is 
about  half  a  peck,  so  that  the  expense  will  be  very 
trifling  in  comparison  to  what  the  carriage  of  water 
upon  horses  would  amount  to ;  and  in  such  countries 
where  wood  is  plenty,  would  amount  to  much 
less." 

Some  of  these  machines  were  erected  of  consi- 
derable dimensions.  ForBradley*  further  informs 
us  that  he  had  seen  an  engine^  with  two  receivers, 
which  held  each  of  theai  a  barrel  (36  gallons)  of 
water,  which  would  furnish  so  great  a  quantity  that 
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e^en  some  tolerable  large  foentame  were  supplied 
by  it*. 

The  action  of  this  mechanism  being  precisely 
the  same  as  that  which  has  been  described  before^ 
it  will  hardly  be  necessary  again  to  explain  its 
operation  :  b,  is  the  boiler,  n,  funnel  to  supply  it 
with  water^  c,  handle  of  cock,  which  shuts  oft'  and 
admits  steam,  d,  pipe  connecting  receiver,  e,  and 
boiler,/,  a  box  or  engine-tree  connecting  the  rising 
and  eduction  pipes ;  o,  reservoir.  In  this  it  will  be 
seen  the  condensation  is  produced  by  water  fiilling 
on  the  outside  of  the  receiver  as  described  in  the 
Miners'  Friend. 

For  the  next  important  improvement,  on  the 
same  part  of  the  machine,  we  are  indebted  to  a 
boyish  love  of  idleness  and  play.  "  It  was  usual 
to  work  with  a  buoy  in  the  cylinder,  enclosed 
in  a  pipe,  which  buoy  rose  when  the  steam  was 
siTong,  and  opened  the  injection  pipe,  and  made  a 
stroke, whereby  they  were  only  able  from  this  imr 
perfect  mechanism  to  make  six  or  eight  strokes  in 
a  minute,  till  a  boy  named  Humphry  Potter,  who 
attended  the  engine,  added  wliat  he  called  a-  seoff- 
ganf,  a  catch  that  the  beam  or  lever  always 
opened,  and  then  it  would  go  fifteen  or  sixteen 
strokes  in  a  minute^." 

•  P.  179,  vol.  ii.  JUd. 
'  f  Scog^  a  term  in  use  in  the  north  of  Scotland  for  that 
part  (made  with  hair)  of  fishing  tackle  to  which  the  hook  is 
fastened.  Seogie^  a  drudge.  Another  derivation  has  been 
suggested  from  to  fcog^  to  hide  or  secrete.  He^s  scwgin^  is  a 
^rase  for  one  avoiding  his  pursuers :  A  correspondent  m  the 
MecJianics*  Magazine,  p.  154,  says,  that  to  be  found  scogging^ 
to  be  a  scogger,  are  terms  in  verv  common  use  in  the  north  of 
Yorkshire,  and  convey  exactly  the  meaning  of  the  terms,  to 
be  found  ekulking,  to  be  a  skulker.  By  a  slight  corruption 
icoggany  as  the  operation  which  is  performed  enabled  the  boy 
to  be  scogging  instead  of  attending  to  his  business. 
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A  short  OMD^  extremely  near-tigrhted, with  Tery 
irregular  featuref,  fet,  sqaabby,  and  lumpy  in  his 
limbs,  ungainly,  awkward,  and  shuffling  in  his'gait^ 
is  the  picture  drawn  of  the  personal  appearance 
of  the  celebrated  Doctor  Desaguliers: — at  once  an 
engineer,  contractor^  clergyman,  lecturer,  smoke- 
doctor,  and  farmer,  and  standing  in  the  very  high- 
est rank  among  those  philosophers,  to  whose 
^^enius  and  perseverance  we  owe  the  magnificent 
•tructure  of  experimental  physics.  He  was  bom 
at  Rochelle^  but  when  he  was  not  more  than  two 
years  of  age,  the  flight  of  his  father,  a  protestant 
clergyman,  from  France,  after  the  revocation  of  the 
edict  of  Nantes,  made  England  become  the  country 
of  his  domicile.  He  studied  and  read  lectures 
at  Oxford,  until  he  married  and  came  to  London, 
where  he  first  introduced  the  reading  of  popular 
lectures  on  philosophy.  But  his  great  talents, 
and  the  patronage  which  followed  them,  did  not 
preserve  his  old  age  from  want.  The  money- 
making,  kind-heartc^d,  but  improvident  Desaguliers 
fell  into  miserable  poverty.  In  his  youth  and 
middle  time,  his  habits  were  temperate,  approach- 
tag  even  to  abstemiousnetis ;  yet  in  his  old  age  ho 
became  not  only  distinguished  as  an  epicure,  but 
blamed  for  his  gluttony;  and  life  closed  upon  this 
friendof  Newton,  this  preceptor  in  philosophy  to 
kings  and  princes, 

**  In  a  cell  wlthont  a  friend  to  save. 
Without  a  gnisea,  and  without  a  grave.  *' 

To  his  industry  we  owe  nearly  all  the  informa- 
tion we  possess,  of  the  early  history  of  the  steam- 
engine.  But  his  claim  to  an  improvement  on  it 
must  however  form  an  exception  to  his  general 
merit. 

In  his  Experimental  Philosophy  he  relates-— 
**  when  Doctor  S'Gravesand,  who  had  come  over 
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to  En^lai^  afl  secretarj  to  the  Dutch  embassy, 
aod  himself,  were  considering  Savery^s  flre«eogine, 
as  it 'is  described  in  Harris's  Lexicon  Technicum* 
it  appeared  to  them  that  there  was  a  great  waste  of 
steam,  by  its  continually  acting  upon  the  receivers 
without  intermission  ;  it  becoming  useless  until  it 
bad  heated  the  surface  of  the  water  in  the  reser*- 
Toir,  and  also  to  a  certain  depth ;  they  thought 
^that  were  it  so  contrived,  that  after  the  steam  had 
pressed  up  one  receiver  full  of  water,  instead  of 
being  thrown  upon  another,  it  should  be  confined 
in  the  boiler,  till  the  reservoir  (or  receiver)  was 
refilled  by  the  atmosphere,  and  then  turned  upon 
the  water;  that  by  this  means  its  confinement 
might  give  it  so  much  force,  that  it  would  push 
bard  against  the  surface  of  the  water,  and  have 
discharged  a  great  deal  of  it,  even  before  it  had 
heated  the  surface ;  and  that  Saver y  had  perhaps> 
in  his  great  work,  chosen  to  use  two  receivers^ 
because  the  Marquis  of  Worcester  mentions  two 
in  his  account.  They  resolved  to  have  a  working 
model  made  to  act  either  with  one  or  two  receivers. 
This  model  soon  showed  then,  that  one  receiver 
could  be  emptied  three  times,  whilst  two  succeed" 
ing  ones  could  be  emptied  but  once  each  ;  so  that 
by  this  means  an  engine  would  be  so  simple,  as  to 
be  more  easily  worked,  cost  almost  half  less,  and 
raise  a  third  more  water*." 

•  "  Another  engine  which  I  put  up  for  a  friend  twenty-five 
years  ago,  drew  up  the  water  twenty-nine  feet  from  the  vreVL, 
and  then  it  was  forced  up  by  the  pressure  of  the  steam 
twenty-four  feet  higher,  into  a  cist«m  holding  about  thirty 
tons,  set  up  at  tiie  top  of  a  tower  in  order  to  run  down  again 
through  a  pipe  of  conduct,  and  play  several  jets  in  the  gar'^ 
dens.— But  sometimes  no  jets  being  played,  the  water  was,  at 
the  height  of  five  or  six  feet,  discharged  out  of  the  force  pipes 
to  fill  the  ponds,  and  water  meadows  in  dry  weather,  which  it 
did  with  a  leas  strength  of  steam  than  what  drove  t^  water 
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The  feasoB  here  given  bj  DeaeguheTs  for  8a« 
Tery 'a  preference  of  two  receiyen,  is  on  a  par  with 
his  invention.  And  if  Savery  had  not  sach  high 
pretensions  to  philosophical  acquirements,  as 
Desaguliersf  his  observation  and  tact  had  taught 
him,  by  proportioning  the  size  of  his  boiler  to 
the  capacity  of  his  receivers,  to  avoid  the  error 
into  which  his  rival  appears  to  have  fallen  in 
the  constraction  of  his  machines.  The  Doctor 
would  have  produced  the  same  effect  by  en* 
larging  his  boiler,  as  by  withdrawing  a  receiver. 
And  Desaguliers'  improved  engine  is,  in  feet,  but 
a  lame  copy  of  one  erected  by  Savery  himself  years 
before*.  There  are  two  peculiarities  to  be  found 
in  this  mechanism,  however,  which  are  not  ob- 
served in  any  before  this  date ;  the  mode  of  con* 
densing  the  steam  by  an  injection,  as  used  in 
Newcomen's  apparatus,  is  transfened  to  this,  with 
probably  an  improvement.  The  injection  jpipe 
and  the  steam  pipe  are  separated  by  a  cock  simi- 
lar to  that  used  by  Doctor  Papin  in  his  air-engine, 
so  that  when,  by  turning  the  handle,  the  steam  is 
shut  off  from  the  receiver,  the  injection  pipe  is 
open,  and  this  water  is  made  to  fall  through  a 

into  the  tower,  or  if  the  same  strength  were  kept  up,  one 
Blight  make  eight  ornine  strokes  in  a  nfinnte,  instead  of  about 
ftix,  when  the  water  was  driven  np  into  the  eistem.  Upon 
the  safety  valve  there  was  a  steel-yard^  the  place  of  whose 
weight  shows  the  strength  of  the  steain,  and  how  high  it  was 
capable  of  raising  water ;  but  wh«i  the  weight  was  at  the 
very  end  of  the  steel-yard,  the  st«ai&  then  being  very  strong, 
would  lift  it  up  and  go  out  of  the  valve  rather  than  damage 
the  boiler." 

**  About  as  much  fire  as  a  common  parlour  fire  was  sufficient 
to  work  this  engine,  and  to  raise  fifteen  tons  per  hoar.  This 
engine,  according  to  my  method,  (?)  consists  of  so  few  parts, 
that  it  comes  very  cheap  in  proportion  to  the  water  that  it 
raises :  but  it  has  its  limits. — P.  814,  vol.  ii.  Experimental 
Philosophy. 

•  See  p.  160.. 
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euihnder  in  order  to  difltribnte  the  itijectioo  mote 
equably.  A  tafeiywUve  is  also  placed  on  the 
boiler. 

In  the  description  of  Severy's  first  engine,  it  was 
observed  that  there  was  no  contrivance  for  safety  ; 
bat  if,  as  it  is  pfobable,  that  in  the  machine  de- 
scribed in  his  Miners*  Frienfitt  there  was  always  a 
communication  open  between  his  larger  boiler  and 
one  of  the  receivers,  this  at  all  times  would  ope- 
rate as  a  safety  valve,  of  a  sort  the  least  likely  to 
be  out  of  Older.  In  this  engine  by  Desaguliers, 
however,  from  the  use  of  the  four- way  cock,  in- 
stead of  the  sliding  taive,  this  appendage  was 
indispensable ;  and  it  was  probably  with  an  engine 
on  this  construction  that  the  accident  occurred, 
which  is  so  often  appealed  to  by  succeeding 
writers*. 

About  1717  these  engines  were  introduced  into 
Russia,  *'  The  first  was  made  by  Desagulien  for 
the  Czar  Peter  I .,  for  his  garden  at  St.  Petersburgh. 
The  boiler  was  made  spherical,  as  they  must  all  be 
in  this  way  where  the  steam  is  much  stronger 
than  the  air,  and  held  between  five  and  lix  hogs- 
heads :  the  receiver  held  one  hogshead,  and  was 
filled  and  emptied  four  times  in  a  minute.  The 
water  was  drawn  up  by  the  suction  or  pressure  of 
the  atmosphere  twenty >nine  feet  high  out  of  the 

*  **  About  three  years  ngo  a  man  wlio  wa«  entirely  igaorant  of 
the  nature  of  the  enji^ne,  without  anj  instruction,  undertook 
to  work  it,  and  having  hung  the  weight  at  the  farther  md  of 
the  steel-yard,  in  order  to  oollect  more  steam  to  make  his 
work  quicker,  having  also  a  very  heavy  plumber's  iron  upon 
the  end  of  the  steel-yard,  the  consequence  proved  fatal ;  for 
after  some  time,  the  steam  not  being  able,  with  the  safety 
daok,  toj  raise  up  the  steel-yard,  loaded  with  all  this  unusual 
weight,  burst  the  boiler  vrito  a  great  explosion,  and  killed  the 
poor  maa  who  stood  near,  with  the  pieces  diat  flew  asunder, 
there  beinn^  otherwiiie  no  danger  by  reason  of  the  safety  valve, 
made  to  lift  up  and  open  upon  occasion. — ^p.  SI*,  ibid. 
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well,  and  Iben  prened  up  about  eleven  feet 
higher.  The  pipes  were  all  or  copper,  but  kiI- 
dered  to  the  horae  vitli  lofl  lolder,  which  he  krww 
vould  bold  ver;  well  for  that  height,  or  a  pnter 
height  for  thai  quautitj,  lot  if  the  quanlitj  was 
larger,  then  the  boiler  maiit  be  giester,  and  the 
■leHin  of  (he  same  force  would  have  a  gcealei  lut- 
face  lo  act  upon,  which  migbi  buril  the  boiler  or 
Inquire  it  to  be  made  lhickei."_ 


CHAPTER  SIXTH. 


**  OyTENTimS  Air  UITCSRTAINTII  HtWOEnXD  OTTR  OOINO 
ON  no  aUKBILIK—- BUT»  BY  PSBSKVERDTO  TBI  DimCULTIE 
WAN  MASTXBID,  AND  THE  NEHT  TBIUMPB  GAVE  STRONOXB 
HEART  UNTO  VS."-^Rcilcigh. 


Thb  mBsner  of  coadeiMiDg  Ihe  steam  by  injection, 
of  lemoviDg  the  water  aod  aii  vhich  were  pro- 
duced in  the  process,  of  keeping  the  pialon  ntr' 
tight  by  water  laying  upon  lis  surftce,  iopplying 
the  boiler  with  hoi  water,  and  elevating  the  pUlon 
by  a  counterpnise,  exhibited  in  this  early  stage  of 
the  invention,  have  been  found  by  subseqneot  ei- 
peiience  to  be  all  the  pacta  esaenlial  to  tbe  effec- 
tive opecfttion  ot  the  appHiatus  of  Newcomen. 
The  minor  details  lemain  in  a  rode  artificial  stale, 
both  as  to  conitroctioD  and  arrat^ement. 

It  will  in  pArticnlar  be  noticed  thai  the  most  im< 
poTtant  movement  of  the  machine  depended,  not 
only  for  ila  produclion,  but  what  was  almost  of 
greater  COB «equence,  tor  its  precision,  upon  the  CHre 
and  BtlenlioD  of  the  person  who  atleiided  the  en- 
gine. And  when  were  call  to  remembrance  what 
was  tbe  nature  uE  the  object  of  this  attention,  it 
will  be  DO  matter  of  surprise,  that  the  moM  aiBe> 
nittiiig  care  fell  greatly  short  of  that  demwded  lot 
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the  perfect  developement  of  its  power.  When,  for 
instance,  Uie  Attendant  opened  the  steam  cock,  he 
was  obliged  to  watch  the  ascent  of  the  piston^  and 
at  the  instant  when  it  was  elevated  to  the  proper 
lieight,  it  was  to  be  again  quickly  shut,  and  at  the 
same  moment,  the  injection  cock  was  to  be  opened : 
if  the  one  did  not  follow  the  other, there  resulted  a 
great  loss  of  vapour^  or  of  effect ;  and  this  di£Biculty 
was  further  increased  by  the  irregular  production  of 
the  steam  itself  from  the  varying  intensity  of  the 
heat  of  the  furnace.  After  the  injection  had  con- 
densed the  steam,  and  the  piston  was  at  liberty  to 
descend,  if  the  communication  between  the  boiler 
and  the  cylinder  were  not  opened  at  the  precise  in- 
stant when  it  had  reached  the  limit  of  its  down- 
ward movement,  the  immense  weight  on  the  pis- 
ton, felling  into  the  vacuum  with  a  great  velocity, 
would  shake  the  apparatus  to  pieces.  All  tbii^ 
precision  was  required,  too^  from  a  mercenary  at* 
tendaDt>  fourteen  times  every  mimtte,  at  a  hazard 
of  the  total  destruction  of  the  apparatus,  if  his 
attention  were  attiacted  from  his  employment  so 
long  only  *^  as  to  observe  one  wag  of  a  spaniel's  tail." 
A  regular  series  of  simultaneous  movements,  it  will 
be  seeui  were  totally,  out  of  the  question,  for 
whatever  improvement  was  attempted  in  these 
series  of  catches  and  strings,  one  end  of  them  waa 
always  in  the  hand  of  the  engine-man  or  cock- 
boy. 

Humphry  Beighton,  an. individual  of  great  ex- 
perience and  practice  as  an  engineer,  among  the 
mining  adventurers  in  the  north  of  England,  had 
numerous  opportunities  of  observing  the  incon« 
veniences  and  deffcta  of  the  common  apparatus ; 
and,  in  an  engine  which  he  erected  in  1718,  at  New^ 
castle*upon-Tyne,  he  made  a  sacccssful  attempt 
to  remoTa  them.    The  parts  he  added  were  named 
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ktrnd  gear,  from  their  lupplyiog^  tbe  place  of  the 
catches  and  striogs  hitherto  moved  by  the  atten* 
dants,  and  consisted  of  a  rod  suspended  from  the 
balanced  lever  or  beam^  which  by  tappeti  acted 
on  levers  attached  to  the  injection  and  steam 
eocks,  and  opened  and  shut  them^  as  they  might 
be  adjusted. 

The  vahe  by  which  the  flow  of  steam  was  shut 
off  from  the  cylinder,  was  of  the  same  form  with 
that  used  by  Savery,  and  called  a  sliding  valve^ 
and  was  also  placed  inside  the  boiler.  The  tft;6c- 
Hon  cock  did  not  differ  from  the  sort  in  common 
ase-r-See  figure  marked  Beiohton. 

The  axis  or  spindle,  a,  of  the  sliding  valve, «, 
projected  through  the  roof  of  the  boiler,  and  a  lever» 
b,  was  fixed  to  it.  This  was  attached  to  another 
lever,  d,  having  its  opposite  extremity,  e,  formed 
like  afcrki  and  the  two  prongs,/^  g,  connected  by  a 
wire.  This  wire,  t,  in  its  torn  formed  the  axis,  to 
which  was  attached  two  pieces  of  iron,  called  the 
stirrup,  o,  m,  fixed  on  an  axle,  s  ;  between  these 
two  pieces,  also  on  the  same  axle,  was  fixed  the 
Y  piece,  so  called  from  its  resemblance  to  that 
letter,  reversed ;  and  had  a  weight  placed  on  the 
stalk:  this  appendag  was  named  the  tumbling 
bob.  The  spanners,  r,  y,  were  also  fixed  on  thiS' 
axte :  and  were  so  placedas  to  be  moved  upwards 
and  downwards  by  tappets  fixed  in  a  rod,  «,  sus- 
pended from  the  balaoced  beam. 

The  toothed  quadrant,  p,  fixed  on  the  axis  of  the 
injection  cock,  was  moved  by  another  quadrant,  r, 
attached  to  a  lever,  p,  also  acted  upon  by  project- 
ing pins  or  tappets  fixed  in  the  plug-frame.  Id 
the  engraving  the  forks  are  shewn  in  a  position  as 
if  the  injection  cock  was  open^  and  the  steam  valve 
shut;  and  that  the  piston  has  approached  near 
to  the  bottom  of  the  cylinder.    The  fall  of  the 

<l2 
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plu^  fmme  makes  a  tappet  strike  on  one  of  the 
arms  of  the  spanners,  which  turns  the  axle,  and 
by  this  means  raises  the  tumbling  bob  beyond  the 
perpendicular,  and  the  weight  causes  it  to  iall 
with  a  considerable  force  in  the  other  direction — 
one  of  its  prongs  pressing*  upon  the  axis  of  the  stir- 
rup, pushes  it  forward,  aud  moving  the  lever, 
opens  the  steam  valve.  At  the  same  instant  that 
the  tappet  moved  the  spanner,  the  tappet,  2,  press- 
ing upon  the  lever  of  the  quadrant,  shut  the  in- 
jection cock,  and  the  piston  now  being  in  equili- 
brium, the  counterpoise  draws  it  upwanis.  When 
it  has  nearly  arrived  at  the  top  of  the  cylinder,  the 
tappet,  9,  in  the  plug  fmme, also  rising,  strikes  the 
spanner — this  turns  the  axle.  The  Y  piece  is  by 
this  means  again  turned  into  the  opposite  posi- 
tion, and  the  weight  of  the  tumbling  bob,  making 
it  fall  with  a  considerable  velocity, the  prong  draws 
the  fork  into  the  former  position,  and  the  steam 
cock  is  again  shut.  The  tappet  during  this  ope- 
ration has  also  depressed  the  lever,  and  shut  the 
injection  cock ;  and  this  operation  may  obviously 
be  repeated  as  often  as  it  may  be  necessary. 

This  apparatus  does  not  differ  essentially  from 
that  given  by  other  authors;  but  Desaguliers,  who 
describes  it  in  1748,  may  have  unintentionally 
g^ven  a  form  of  it  more  perfect  than  it  possessed  at 
the  period  of  the  erection  of  the  Griff  engine.  But 
at  all  events,  by  its  introduction^  the  atmospheric 
engine,  for  the  first  time,  became  a  self-acting 
machine. 

The  engraving  (marked  Newcomen,  F.)  will 
suffice  to  give  a  general  idea  of  the  appearance  of 
this  machine,  until  the  experiments  of  Smeaton. 
It  is  described  and  figured  by  Desaguliers,  in  his 
book  which  was  published  in  174S$  a,  is  the 
boiler;  b,  steam-pipe;  c,  cylinder;  d,  if^jection* 
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pipe  and  cock;  e,  iU  lever;  /,  the  horizontal 
fork;  ff,  the  ttirrap;  h,  the  axis  of  the  tumbUog- 
bob  i  i,  k,  the  plug-frame,  with  the  tappetn,  I,  m, 
n;  o,  sniffing-valve;  p,  eduction-pipe  for  con- 
denaed  steam  and  injection  water;  ^,gauge-cocka, 
r*  safety-valve,  or  puppet-clack  j  8,  pipe  for  sup- 
plying water  to  boiler;  t,  pipe  from  cup  of  the 
cylinder;  u,  pipe  for  waste  water  which  was  raised 
b^  piston ;  v,  pipe  from  cistern ;  w,  fire-place  j  x, 
pistoD-rod  and  chain ;  y,  working-beam. 

Sieam  being  raised  in  tlie  boiler,  «,  it  flows 
through  the  pipe, 6,  into  the  cylinder;  this  pro- 
duces an  equilibrium  between  the  upper  and 
under  sides  of  the  piston,  and  it  rises  to  the  top  of 
the  cylinder  by  the  weight  of  the  counterpoise 
placed  at  the  opposite  end  of  the  lever-beam. 
By  its  ascent  the  plug-frame  is  also  raised,  and 
one  of  the  tappets,  I,  m,  n,  which  are  fixed  into 
it,  striking  npon  the  end  of  the  lever,  e,  fixed  to 
the  loaded  quadrant,  opens  the  injection-cock,  d ; 
a  jet  is  thus  introduced  into  the  vapour  which 
condenses  it.  At  the  time  when  the  tappet  struck 
on  the  lever  of  the  injection-cock,  another  struck 
one  of  the  spanners,  and  by  this  means,  taming 
the  axle  on  which  it  is  Axed,  the  tumbling-bob  is 
carried  into  the  opposite  position,  and  one  of  ita 
prongs  being  thus  made  to  act  on  the  axis  of  the 
stirrup  and  horiEontal  fork,  the  lever  attached  to 
the  steam-valve  is  thus  dmwn  forward,  and  tha 
flow  of  steam  from  the  boiler  is  prevented.  The 
tappets  are  so  adjusted,  that  the  steam-valve  is 
pecfectlT  shat,  before  the  injection-cock  is  opened. 
The  £aU  of  the  piston,  by  the  pressure  of  the  a(^ 
mospheie,  reverses  all  these  mottons^shutting  the 
ii^eotioo-cock ; — opening  the  steam-valve  by  the 
•otino  of  other  tappets ;  and  tlius  a  tolerably  regu- 
lar seriaa  of  saciprocating  motioai  is  produced. 

*3 
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A  simpler  method  than  either  of  these,  of  open- 
ing the  steam  and  injection  cocks  is  described 
and  fibred  by  Leopold,  as  practised  in  a  Ger- 
man engine,  constructed  by  one  Potter  an  Eng- 
lishman, previous  to  1724.  The  engraving 
marked  Nbwcohen,  exhibits  this  contrivance ;  m, 
the  plug-frame,  or  the  perpendicular  rod  attached 
to  the  beam ;  k,  the  end  of  a  lever  moving  on  an 
axis,  hf  having  a  fixed  piece,  or  staple,  perforating 
the  roof  of  the  boiler,  and  pressing  on  the  end  of 
another  lever,  g,  within  the  boiler,  which  has  its 
other  extremity,/,  so  constructed,  as  to  close  the 
orifice  of  the  steam-pipe  when  it  is  raised  into  the 
proper  position ;  the  injecHon  cock  is  opened  and 
shut  by  means  of  a  jointed  lever,  connected  with 
the  lever,  h.  The  manner  of  its  action  will 
readily  be  understood  from  an  inspection  of  the 
engraving. 

The  second  figure  in  the  same  engraving  shows 
the  method  in  which  the  counterpoise  was  em- 
ployed, which  raised  the  pump-buckets  in  the 
same  engine;  n,  the  pump-rod  attached  to  the 
lever-beam ;  A,  a  small  lever-beam ;  t,  the  counter- 
poise. 

In  the  engine  described  by  DesagulierB,as  well 
as  that  shown  in  Leupold's  book,  the  buoy,  which 
in  the  earlier  engines,  rose  and  fell,  and  opened 
tlie  steam-cock,  does  not  appear ;  from  the  notice 
of  the  improvement  made  upon  it  by  the  use  of  a 
scog^n,  and  its  absence  in  the  machines  which 
have  just  been  detailed,  it  might  be  inferred,  that 
the  mechanism  had  given  place  to  more  perfect 
lAethods — but  from  an  exceedingly  rare  and 
curious  print,  publislied  in  17S5,  it  is  shown 
as  then  used  in  some  engines.  This  engraving,  it 
is  true,  may  have  been  made  from  an  engine  con- 
structed long  before  |  but,  on  the  other  hund^  it  is 
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impiDbable  that  to  mdcli  care  would  be  taken  in 
detcribiog  a  mechaDism,  which  was  either  coor 
sidered  to  be  obsolete,  or  not  on  the  most  im* 
proved  construction  then  in  use ; — as  it  is  the  only 
one  which  we  have  met  with  in  which  the  buop  is 
described,  the  detail  of  its .  parts  are  interesting:, 
as  filling  up  a  step  in  the  progress  of  inv^itiony 
will  be  given  at  length. 

In  the  figure  (marked  Nbwcombn»  1785,)  a, 
is  the  fire-place,  6,  the  boiler,  c,  piston,  d,  steam* 
pipe,  6,  axis  of  the  regulator,  or  steam-valve,  d/ 
steam-pipe,  /,  a  loaded  or  safety  valve,  '^  which 
gives  vent  to  the  steam  of  the  boiler  in  case  it 
grows  too  strong ;  g,  gauge  cocks  with  their  pipes, 
one  of  which  goes  down  so  far  into  the  boiler,  as 
to  be  two  or  three  inches  above,  and  the  other  so 
far  below  the  surface  of  the  water  therein,'*  the 
water  being  of  a  due  height  when  the  steam  is 
emitted  by  the  shorter,  and  water  by  the  longest 
pipe ;  h,a.  pipe  fixed  to  the  head  of  the  boiler,  and 
called  the  buoy  pipe,  open  at  both  ends,  the  lower 
end  being  a  foot  or  more  below  the  surface  of  tlie 
water  in  the  boiler.  Within  this  pipe  is  a  cylin- 
drical buoy  that  swims  upon  the  water  therein ; 
and  when  the  steam  in  the  boiler  is  become  so 
strong  as,  by  its  pressure,  to  force  water  up  the  said 
pipe,  it  then  raises  the  buoy,  whose  axis,  19^ 
causes  the  balance,  r,and  mceptor^  7,  also  to  rise^ 
and  lifting  the  notch,  8  from  3,  on  one  end  of  the 
lever,  permits  13,  a  weight  attached  to  it,  to  fall  so 
far,  till  the  injectmg'Cock  at  n,  the  axis  of  the  said 
lever,  is  opened,  by  which  an  injection  of  cold 
water  from  tlie  cap  of  the  injection-pipe  being 
made»  and  consequently  a  vacuum  by  the  conden- 
sation of  the  steam  $  the  pressure  of  the  atmo- 
sphere brings  down  the  inner  end  of  the  great 
lever>  when  one  of  the  pins  in  the  haBgiog-touQ^ 
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f,  takes  hold  of  1,  the  ead  of  leirto,  o»  which  by: 
the  falf  of  weight  1 S,  at  the  other  end  of  it,  wa» 
Fftiaed  «s  above,  somewhat  higher  than  the  parallel 
of  its  axis  at  n,  aad  brings  it  down  so  far  till  the 
end,  S,  is  raised  up  as  high,  as  to  be  again  taken 
hold  of  bj  the  notch  2,  at  which  time  the  injec** 
tton-cock  is  thereby  shot,  and  the  regulator,  e,  is 
opened;  k,a  pipe  tor  supplying  boiler  with  hot 
water  from  top  of  cylinder ;  It  piston,  having  al- 
ways  eight  inches  of  water  lying  upoo  it ;  there 
is  a  "  circular  plate  in  diameter  nearly  equal  to 
the  cylinder,  and  closed  thereto,  with  leather 
roofid  the  edge  $"  m,  injeoting^pipe,  n,  injecting* 
cock,  ^'  with  its  wheel,  which  is  opened  and  shut 
|yy  o,  a  small  lever  and  its  quarter<-wheel,  whose 
ends  1  and  3  are  alternately  lifted  op  by  the  en*- 
gitke*s  motion  >*'  '*  p,  an  axis  moving  between  two 
standards,  wi^  its  shanks,  4.  5.  6.  8.  9.  and  a 
slider  10: — a,  beam  (or  plog>  frame)"  hanging 
on  the  great  lever,  and  moving  up  and  down  with 
it,  <^ns  and  shots  the  regulating  and  injecting 
cocks  by  three  pins,  set  higher  or  lower  as  occa* 
«oQ  requires  it ;  one  of  which  pins  as  the  beam  is 
goif^  up,  upon  the  access  of  the  steam  into  it, 
takes  hold  of  8,  attached  to  axis,  p,  and  raises  it 
to  such  height,  till  the  weight  14,  on  lever  9, 
gets  beyond  the  perpendicular  of  its  axis,  when  by 
its  own  gravity  it  falls  so  far  toward  the  cylinder 
as  the  piece  of  leather,  15,  will  permit  it,  by  which 
motion  the  wire  5,  the  end  of  which  appean  in 
the  draught  at  a  pin  in  the  slider  10,  is  removed, 
and  lever  4,  is  brought  down  to  take  its  place,  and 
striking  against  this  pin,  carries  it  away  so  far,  and 
with  it  the  slider,  till  the  regulator  at«,  to  whose 
faaadle  the  sUder  is  fixed,  is  by  this  means  shut, 
and  the  steam  confined  in  the  boiler-^by  the 
motion  the  lever  6,  (shown  ia  the  engraving. 
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slanting  downwaids,)  is  raised  somewhat  abote 
the  parallel  of  the  axis,  p,  and  lies  ready  to  be 
taken  hold  of  by  another  pin  in  the  hang^ing-beanif 
9>  which  upon  the  condensation  of  the  steam* 
brings  down  this  lever  so  far,  till  the  weight,  1 4> 
is  again  brought  beyond  the  perpendicular  of  the 
axis,  p,  on  the  other  side^when  by  its  own  gravity^ 
this  again  Calls  beyond  the  perpendicular  of  its  axis 
on  the  other  side  as  the  piece  oif  leather  will  per* 
mit ;  by  that  motion  the  lever,  4,  is  again  removed 
from  the  pin  in  the  slider,  and  the  lever,  5,  is  made 
^  strike  against  it^  which  opens  the  steam-valve. 

The  steam  now  having  a  free  passage  out  of  the 
boiler  into  the  cylinder,and  the  pressure  upon  the 
surface  of  the  water  being  abated,  the  buo^  in  the 
pipe,  A^ falls,  and  with  it  the  balance,  r,and  incep« 
tor,  7,  and  the  notch,  2,  takes  hold  of  the  end,  3,  o£ 
the  lever,  o,  by  means  of  which  the  injecting-cock. 
remains  shut,  as  has  been  previously  described,  so 
that  the  steam  by  its  force  against  the  bottom  of 
the  piston  countervails  the  pressure  of  the  atmo- 
sphere, and  permits  it  to  rise  along  with  the  hang- 
ing-beam, 9,  which,  by  the  action  of  the  pin,  shuts 
the  regulator,  when  the  steam  being  confined  and 
the  injecting-cock  shut,  the  engine  remains  in  this 
position  until  the  steam  becomes  strong  enough 
by  its  pressure  again  to  raise  the  Irnoy  in  the  pipe» 
and  a  new  stroke  is  begun ;  but  if  the  steam  be 
strong  enough,  as  it  most  usually  happens,  then- 
as  soon  as  the  piston  has  come  to  its  proper  height 
a  new  stroke  is  made,  and  the  engine  is  almost  ia 
continual  motion,  and  makes  from  twelve  to  six- 
teen, and  sometimes  twenty,  strokes  in  a  minute> 
whilst  the  outer  end  of  the  great  beam  works  a 
pump  of  8, 9,  or  18  inches  in  diameter,  cuid  seven 
or  m<X8  feet  in  length ;  r,  a  balance  (or  lever)  one 
end  of  which  turns  up  a  pin,  the  other  end  is  fiuitea* 
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ed  to  the  liiglier  end  of  the  inceptor,  f,  lower  end 
fiwtened  to  the  lever,  1 1  :  these,  as  have  been  de- 
scribed, rise  and  fall  altogether  by  means  of  the' 
baoy ;  s,  a  cup  receiving  overplus  of  water  from 
«>aQd  conveying  it  into  boiler  $  t,  a  pipe  convey* 
ing  the  injection  vrater  into  cistern,  having  an 
immerged  valve  at  the  lower  end ;  v,tL  pipe  con- 
veying waste  water  from  the  piston  when  it  rises 
to  the  top  of  cylinder  I  «,  a  valve  through  which 
the  air  is  forced  by  the  steam ;  «,a  cock  supplying 
piston  with  water  ftom  cistern. 

Although  out  of  their  place  in  the  order  of  time, 
the  engravings  marked  Newcombn,  D,  and  F,  will 
be  described  here  to  give  a  more  connected  view 
of  the  variations  introdoced  into  the  mechanism. 
That  marked  D,  may  be  considered  as  the  most 
perfect  .form  to  which  it  reached  in  common 
cases—E,  a  simplification  of  the  entire  system  of 
opening  the  cocks,  but  which  may  be  considered 
an  attempt  to  show  what  might  be  done,  rather 
than  any  view  of  machine  that  had  been  con- 
structed. In  figure  D,  a,  is  the  steam-cylinder ; 
h,  piston ;  c,  piston-rod  attached  to  working-beam ; 
d,  cold-water  pipe ;  e,  injection-cock ;  /,  sniffing- 
valve;  (7,  a  pipe  conveymg  the  water  which  falls 
upon  the  piston,  into  the  reservoir;  k,  a  pipe  by 
which  the  boiler  is  supplied  by  the  water  heated 
within  the  cylinder;  t,  a  branch  of  the  same  pipe 
oarried  into  the  reservoir,  having  a  valve  opening 
upwards  at  its  lower  extremity ;  k,  the  steam-pipe ; 
I,  sliding^valve ;  m,  its  axis,  rising  through  the 
roof  of  the  boiler,  and  attached  to  the  lever  of  the 
horisontal  fork,  n ;  o,  axis,  of  fork  and  tumbling- 
bob  ;  j9,  q,  prongs  of  tumbling-boh ;  r,  s,  t,  span- 
ners ;  u,  plug-fmme ;  w,  tappet.  There  is  a  con- 
trivance for  moving  lever  of  injection-cock  similar 
to  that  for  opening  steam-valve ;  m,  may  be  de- 


scribed  as  its  foik ;  y,  its  tombliBg^bob;  and  #, 
its  spanner.  The  operation  of  these  parts  will  be 
readily  uoderstood  by  referring  to  ttie  deecriptions 
of  the  preceding  figures. 

In  figure,.  E,  d^  is  the  {Cylinder ;  b,  piston  $  e, 
piston-rod }  d,  cold  water-pipe  $  e,  ittjection*eoek  | 
/,  sniiBng-Talve ;  g,  a  pipe  conveying  water  from 
cup  of  cylinder  to  the  cisteni ;  Ay  a  pipe  convey- 
ing  water  to  boiler ;  k,  steam-pipe ;  I,  vahre ;  n^ 
horizontal  lever^  which  opens  and  shats  steam- 
valve  attached  at  m,  to  a  spanner,  o,  having  a 
weight ;  p^  which  acts  as  a  tumbling-bob ;  t, 
spanner  of  injection-cock,  moved  upwaids  and 
downwards  by  the  rise  and  fall  of  the  plug-frame, 
if  ti,  gauge-pipes;  w,  eduction-pipe,  tor  the  hot 
water  formed  by  the  condensation  of  the  vapour. 

The  action  of  both  of  these  engines  will  be  un- 
derstood from  inspection,  and  they  are  here  given  in 
detail,  more  from  a  wish  to  exhibit  all  the  early 
known  steps  of  the  engine,  than  from  any  import- 
ance which  can  be  attached  to  them  as  parts  of  a 
mechanism  which  might  probably  offer  useful 
hints  to  an  inventor.  In  practice,  the  apparatus 
of  Newcomen,  even  in  this  stage,  absorbed  in  fric- 
tion, and  by  the  imperfection  of  the  condensing 
process,  nearly  half  of  the  entire  power  of  the 
engine,  not  more  than  eight  pounds  being  raised 
by  each  superficial  inch  of  the  piston ;  on  a  small 
scale,  its  effect  was  inferior  even  to  that  of  the 
high-pressure  engine  of  Savery.  *^  Of  this,"  says, 
Desaguliers,  *'  I  had  an  experimental  proof  at  West- 
minster, in  the  year  1728  or  1729,  when  Mr.  Jones 
(commonly  called  Gun  Jones)  built  a  working 
model  of  the  lever  engine  in  my  garden,  (which 
model  he  had  a  mind  to  present  to  the  king  of 
Spain.)    I  had  at  the  same  time  near  the  place 
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where  he  erected  his  one  io  Sarery'i  way,  which 
imised  ten  [□□■  an  hour  about  SB  feet  high. 

"  He  made  hia  boiler  the  exact  iiEe  ofminef 
and  hia  cjliadet  wai  lii  inchei  bore  and  about 
two  feet  in  len^h.  When  hii  model  or  lever 
engine  was  flnisbrd,  it  raised  but  Tour  Ions  pet  hour 
into  the  same  cistern  as  mine.  It  coal  him  300J. ; 
and  mine,  having:  bH  copper  pipes,  had  coit  me 
but  eoi*" 

•  p.  tM,  •ol.  ii.  Eiperimmtsl  Fhitoaoiih]'. 
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**  OTTZNTIHSS  BATH    IT    BXTALLEN  TBV  ICOPT  ZXPX&T  TO 
FIKD  THE  SOUOHT-FOK  LiaHT£  IN  A  NOOK,    VSOM  WHICH,  IN 
HIS    CONCEI^t,  HE   DJD  HJVDSR   THE  7ALLIV0  THEREON  OF 
THE  FLINTE  SPABKES.'* — Vauffhan. 


LecFOLD,  B  native  of  Pluitz,  near  Zwickau,  at 
a  very  earl;  age  displayed  to  great  a  taste  in  de- 
■ignini;  machinea,  that  his  pareati,  unwilling 
to  (liwart  H  rnlin;  inclindtion  to  dmnf^ly  marked, 
placed  him  wilha  cabinet-maker  and  turner  in  hii 
native  village.  But  hia  coaitilulion  being  fiiand 
too  delicate  For  enabling  him  to  follan  a  mechani- 
cal trade  wilh  advantage,  the  joutb,  by  their  en- 
Ueatiea,  waa  indnced  to  lacii&ce  hia  taate  to  Iheic 
aniiety  for  hii  health,  and  be^gin  a  conrae  of 
■tndy  (o  prepare  him  for  entering  the  church. 
Ha  attended  lectures  on  theolf^y  at  Jena,  and  at 
Wittenburg,  amusina;  himaelfin  hia  houia  of  lei- 
aure  in  the  hbrication  of  philosophical  inatm- 
menta.  Hia  ingenuity  and  diligence  being  ob- 
nerved  hy  one  of  the  profeaaora,  procured  him 
admiMion  to  the  library  of  the  univeraily,  vhioh 
contained  a  good  collection  of  boolu  on  malbe- 
maticB  and  philoaophy.  Leupold'a  early  predilec- 
tion retatoed  with  lectoubled  foiee,  when  he  un> 
H  3 
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expeciedly  foond  such  ample  means  placed  in  his 
power  to  gratify  it^  and  henceforth  these  congenial 
studies  became  his  sole  occupation.  He  greatly  im- 
proved Hauksbee^s  air-pomp,  and  performed  some 
original  experiments  with  mirrors;  but  he  is  best 
known  as  the  author  of  a  magniticent  collection  of 
descriptions  and  drawings  of  machines,  which  he 
began  to  publish,  172S,and  continued  through  suc- 
cessive years,  until  he  extended  it  to  several  folio 
volumes.  In  this  comprehensive  work  his  industry 
and  research  has  collected  accounts  and  views  of 
every  machine  of  which  either  models  or  descrip- 
tions were  accessible.  Yet  this  herculean  task 
was  not  in  his  hands  one  of  mere  compilation; 
numerous  improvements  on  many  of  the  machines 
may  be  traced  to  their  ingenious  illustrator,  and 
not  a  few  of  his  own  inventions  enrich  his  excel- 
lent volumes.  He  suggests  an  ingenious  simplifi- 
cation of  the  fire-wheel  of  Amontons,  by  giving  a 
different  form  to  the  pipes  and  water-chambers. 
In  the  engraving,  marked  (Lbupold,  1 1.) a,b,c,  d, 
e,  f,  are  the  outer  or  air-chambers;  a,  b,  c,  d,  b, 
F,  o,  &c.,  are  the  water-chambers ;  and  1 .  8.  3.  4. 
5.  6.  7.  8.  9.  pipes,  forming  a  communication  be- 
tween the  series  of  air  and  water-chambers,  and  g, 
y,  X,  w,  V,  u,  pipes  connecting  the  water-chambers 
placed  on  the  opposite  part  of  the  circumference. 
II.  fire-place ;  o.  chinmey ;  m.  cistern  of  cold  water. 
The  action  is  the  same  as  in  Amontons  wheel;  the 
outer  chamber,  a,  has  its  surface  placed  over  the 
furnace, the  air  which  it  contains  expanding, presses 
through  the  pipe,  1,  upon  the  surface  of  the  water 
in,  a,  and  forces  the  fluid  up  the  pipe,  «,  into  the 
chamber,  g,  this  gives  that  side  of  the  wheel  a 
preponderance,  and  the  other  chambers  being 
brought  in  succession  over  the  fire  continuing 
this  preponderance,  a  rotary  motion  is  produced ; 
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ilie  «r  whteh  hM  been  expAtid^d  by  beiti?  brought 
4>ver  the  Are  at  one  part  of  the  revolation  of  tlie 
wheel,  is  coadenied  in  its  tarn  by  the  chamber 
which  contained  it  being  immersed  in  a  cistern  of 
cold  water,  in  another  part  of  its  revolution.*- 

In  Sawety'a  engine,  the  steam,  after  it  had  forced 
by  its  elasticity  the  water  to  the  required  height, 
was  condensed  previous  to  the  receivers  being  re^- 
filled  with  cold  water.  Leupold,  on  the  contrary, 
allowed  the  vapoUr  to  escape  into  the  atmosphere 
after  it  had  performed  this  office.  In  the  engrav« 
ing,  marked  (Leupold,  111.)  the  steam  proceeds 
from  the  boiler^a,  through  the  pipe,  6,  and  press- 
ing npon  the  water  in  the  receiver,  c,  forces  it  up 
the  pipe,  d,  into  the  cistern, e, whence  it  is  allowed 
to  fell  on  the  float-boards  of  a  water-wheel  to  pro- 
duce a  rotary  movement.f 

When  the  vapour  has  expelled  the  whole  of  the 
water  fVom  the  receiver,  e,  the  cock,  /,  i*  turned, 
which  opens  a  communication  between  the  re- 
ceiver, e,  and  the  atmosphere,  and  between  the 
opposite  receiver,  g,  and  the  boiler :  the  vapour 
now  forces  the  water  from  that  vessel  up  the  pipe, 
d,  into  the  cistern,  whence  it  falls  on  a  wheel 
as  befoie.  During  this  operation,  the  escape  of 
the  steam  from  the  receiver,  c,  allows  the  water  in 
the  reservoir  to  flow  into  it  by  the  pipe,  ny  so  that 
by  the  time  the  steam  can  be  again  turned  t^om 
the  receiver,  igr, into  this  vessel,  it  is  filled  with  tl^ 
water  which  is  to  be  elevated  into  the  reservoir ; 
and  so  on,  alternately. 

In  describing  another  machine, Leupold  presents 
himself  more  in  the  character  of  an  original  inven- 
tor, than  of  an  industrious  commentator;  and 
if  his  contrivance  opens  but  a  small  fleld  for  fin 

•  P.  403,  vol.  III.  Theattum  Machinarum. 
P.  iiHt,  voL  lii.'^Ibid. 
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ambitioos  display  of  auxiliary  mechanical  detail* 
fcom  his  great  experience  in  general  mechanism, 
he  saw,  that  this  extreme  simplicity  was  one 
of  the  best  properties  which  could  be  possessed 
by  machines  constructed  on  any  principle,  and 
that  this  would,  in  fiict,  form  one  of  its  strongest 
and  best  claims  to  the  introduction  of  this  in- 
vention .into  general  practice.*  Neither  did  it 
escape  his  penetration,  that  the  powers  of  this 
apparatus,  under  certain  conditions,  could  be  in- 
creased or  diminished  at  pleasure,  without  de- 
manding a  corresponding  enlargement  or  diminu- 
tion of  the  cylinder,  and  that  this  variation  in  its 
energy  might  be  produced  without  inconvenience, 
and  with  a  rapidity  which  could  leave  nothing 
further  to  be  w ished  for.  Besides,  the  entire  a ppa- 
ratus  was  not  only  simpler  in  form  than  Newco- 
men*s,  its  parts  fewer,  but  no  greater  delicacy 
of  workmanship  was  required  in  their  construc- 
tion. 

With  the  exception  of  Newcomen's  invention, 
no  motion  had  been  produced,  by  means  of  the 
iutervention  of  a  piston,  which  could  be  consi- 
dered as  at  al  1  adapted  to  practice.  By  Newcomen, 
as  we  have  seen,  steam  was  applied  (instead  of  an 
air-pump)  to  make  a  vetcuum  under  the  piston,  in 
order  to  permit  its  (a\\  by  the  weight  of  the  atmos- 
phere; he  was  careful  that  the  elastic  force  of  the 
steam  should  never  be  called  into  action,  it  exerted, 
therefore,  no  direct  action  on  any  pari  of  the  ai^ 
paratus  in  contact  with  it. 

In  illustrating  the  principle  of  Papin's  digester, 
Leupold  was  1^,  by  a  very  obvious  step,  to  view 
what  was  considered  to  be  its  greatest  defect,  as 
opening  a  source  whence  might  be  obtained  not 

*  P.  i03,  vol.  III.  Theainm  Mftekimirm, 
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only  a  more  powerful  but  a  more  portable  mecha« 
nical  agent  than  had  yet  been  moulded  from  the 
elasticity  of  steam.  A  piston  raised  by  vapour  of 
a  high  temperaiure  might  be  placed  at  the  end  Of 
a  lever  loaded  with  any  weigh t,  and  instead  of 
condensing  the  vapour  which  performed  this  office, 
it  might  be  allowed  to  escape  (as  in  his  second 
scheme)  into  the  atmosphere;  and  where  a  conti- 
nuity of  effect^  as  in  pumping  water,  was  desimble, 
two  cylinders  might  be  connected,  so  that  when 
the  steam  from  the  one  was  escaping  into  the  air, 
and,  of  course,  producing  no  effect,  iu  the  other  it 
should  be  forcing  water  into  the  reservoir :  this, 
not  differing  greatly  in  a  general  view  from  his 
scheme  already  described,  may  be  considered  as 
the  first  successful  attempt  at  the  combination 
of,  what  has  been  called  the  high^pressure  leeer 
engine. 

The  view  given  of  this  contrivance  by  its  in- 
ventor* is  shown  in  the  engraving  (marked  Lbu- 
POLD.)  The  two  steam  lecipients^or  cylinders,  each 
have  a  piston,  a,  b,  fitted  into  them,  and  which  are 
attached  to  a  lever  vibrating  on  its  fulcrum, having 
a  pump-rod  fixed  to  the  other  end.  A  communi- 
cation is  opened  with  the  boiler  by  means  of  a 
channel,  d,  and  the  under  side  of  the  piston,  a, 
and  the  expansion  of  the  vapour  raises  it  to  the  top 
of  the  cylinder;  this  presses  the  pump-rod  (placed 
at  the  other  end  of  the  lever)  downwards  in  the 
pump-barrel,  and  the  plunger  or  piston  being 
solid,  the  water  beneath  it  is  pressed  to  the  re- 
quired height  up  the  pipe,  t.  When  this  piston 
has  been  raised  to  the  top  of  the  cylinder,  the 
fifurway-coch  is  turned  round,  and  the  channel,  <l, 
opens  a  passage  for  the  steam  to  flow  from  under  the 

*  P.  403,  vol.  III.  Th€atnm  Maehinontm. 
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putoDy  a,  into  the  atmosphere;  and>  at  the  sanui 
time»  the  channel,  e»  is  brought  into  a  position 
similar  to  that  which  d  had  occupied^  and  thus 
allows  steam  from  the  boiler  to  enter  under  the 

Eiston,  df  this  is  now  elevated  in  its  turn ;  e,  is  the 
oiler;  A,  the  furnace.* 

In  the  two  last  figures,  the  return  of  the  water 
which  has  been  raised  is  preyented  by  the  usual 
means  of  a  puppet-clack,  or  valve,  opening  up* 
wards. 

The  candid  and  disinterested  Leupold  confesses 
that  be  owes  the  idea  of  the  fourway«cock,t  and 
the  use  of  very  elastic  steam  to  raise  a  piston,  to 
a  perusal  of  the  writings  of  the  ingenious  Doctor 
Papin,  and  ascribes  to  him  all  the  merit  of  his 
combination.  But,  without  wishing  to  detract  the 
smallest  portion  of  praise  from  the  labours  of  that 
most  ingenious, but  neglected  philosopher,  it  were 
injustice  to  deny  Leupold  the  praise  of  erecting  a 
valuable  superstructure  on  a  foundation,  which,  in 
truth,  should  be  said  to  have  been  indicated  rather 
than  laid  by  the  industrious  Papin. t 

The  opemtion  of  the  fourway -cock  will  be  easily 
understood  from  the  figures.  The  channels  from 
the  cylinders  and  from  the  boiler  are  fixed,  and 
those  in  the  moveable  cylinder  are  peiforaled  in  a 
curved  direction,  so  that  they  may  be  turned  either 
to  cootinuea  communication  between  the  recipient 

•  See  p.  90. 

t  The  yalve  below  the  plnngers  in  the  tngnying  skonld 
haT6  been  shown  reTeraed  in  position. 

X  A  similar  idea  occurred  to  Mr.  Watt. — **  I  intend  in 
many  cases  to  employ  the  expansive  force  of  steam  to  press 
on  the  pistons,  or  whatever  may  be  used  instead  of  them,  in  the 
eanra  manner  as  the  pressure  of  the  atmosphere  is  employed 
in  common  fin^engiAcs.  In  eaaee  where  oold  water  cannot  be 
had  in  plenty,  the  engines  may  be  wrought  by  the  force  of 
steam  only,  by  discharging  the  steam  into  the  open  air  after  it 
had  dona  ite  oflee.**  ■  gjwsl/leafi^fc  o/  Pvtamt,  1769. 
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and  the '  boiler^*  or  between  the  cylinder  and  the 
atmosphere.  Leopold  took  it  from  Papin's  air- 
en^ne,  bat,  as  usual  in  his  hands,  it  received  con- 
sifikrable  improvement. 

Some  insulated  attempts  at  minor  improvements 
may  here  be  noticed.  Beig:hton  formed  a  table  of 
calculations,  in  1731,*  for  the  proportions  of  some 
of  the  details;  but,  in  other  cases,  a  repetition  of 
what  had  been  long  done  in  one  country,  was  pub- 
lished as  an  improvement  by  a  native  of  another. 
Mey  a|id  Meyer's  appanitus^t  of  which  an  excellent 
engraving  and  detailed  description  were  given  by 
the  French  Academy  of  Sciences  in  1786,  was 
then  in  action  at  Passy,  near  Paris.  It  is  similar 
to  that  which  has  been  described  by  Desaguliers. 
Bosfrand  shortly  afterwards  presented  to  the 
same  society,  drawings  and  a  description  of  an 
engine,  containing  what  he  considered  improve- 
ments wanting  to  be  made  on  Mey  and  Meyer's. 
One  of  the  most  notable  of  these,  was  a  valve  in- 
serted into  the  side  of  the  cylinder,  and  near  to  its 
top,  which  was  closed -by  a  weight,  hung  from  the 
end  of  a  steel-yard — ^this  was  a  contrivance  to 
allow  the  steam  to  escape  when  it  was  ''too 
strong  in  the  cylinder!*'— his  sniffing-clack  was 
plac^atthe  bottom  as  usual.  About  equal  in 
merit  to  that  which  has  now  been  detailed,  are 
some  other  minor  additions  found  in  this,  and 
not  in  the  engines  in  common  use.  The  whole 
description  gives  a  good  idea  of  the  ignorance  of 
the  first  principles  of  the  machine ;  which,  at  this 
time,  prevailed  even  among  persons  generally  ac- 
counted intelligent  and  well-informed. 

Bosfrand's  other  engine,^  of  which,  also,  a  good 

•  P.  316,  Indies'  Diairy,  1731. 

f  P.  309,  torn.  IV.  MacMnet  Apprumoeei. 
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en^ravio^  is  given  in  the  nme  ▼•lame^  is  limilMr 
to  that  which  has  been  described,  as  claimed  by 
Desaguliei»—«od  made  by  him  for  the  Ciar  Peter, 
nearly  ten  years  before — with  the  altemtion  of» 
forming  the  two  gauge-pipes,  to  be  opened  and 
shut  by  one  cock,  on  the  construction  of  the  four* 
way  cock  of  Papin^ 


t 


CHAPTER  EIGHTH. 


"  Iir  PROPORTION  AS  EXCKLLENT  FROOUCTXOKS  SBALf.  UXJt- 
TIPLV,  XVERT  SUCCESSIVE  OEKXRATIGN  OF  MEM  WILL  DIRECT 
ITS  ATTEKTION  TO  THOSE  WHICH  ARE  MOST  PERFECT,  AMD 
THE  REST  WILL  IMSENSIBLT  FALL  INTO  OBLIVION.  BUT 
THE  MORE  SIMPLE  AND  PALPABLE  TRAITS  WHICH  WERE 
SEIZED  BY  THOSE  WHO  FIRST  ENTERED  THE  FIELD  OF  IN- 
TENTION, WILL  NOT  THE  LESS  EXIST  FOR  POSTERITY,  THOUOU 
FOUND  ONLY  IN  THE  LATEST  PRODUCTION.'* — CondOTCeU 


Tbb  knowledge  of  (he  cotulrurt'ion  and  peculiaci- 
lien  of  s[eaiii-mac)iiDeiy,  eitendiDg  hj  degrees 
among  clauea  less  directly  inleresled  in  il,  as  a 
subject  for  mechanical  practice,  Ihan  for  the  puc- 
poee  of  ptiiloaopliical  ittusuation,  had  given  lise 
to  an  opinion,  thai  it«  invention  sprung  from 
scientific  deduction.  But  Desaguliecs  lidicules 
this  notion  of  its  origin :  "  if,"  says  he, "  it  ia  inw- 
gined,  that  it  must  be  owing  to  great  nigacit;, 
and  a  thorough  knowledge  at  philoaophj, that  such 
proper  remedieii  for  the  inconveoieDces  and  diffi- 
cult caies  were  thought  of,  here  has  been  no  such 
Ihire.  almost  every  improvement  haa  been  owing 
to  chance."  And  it  waa  probably  waiting  for 
similar  good  fortune,  that  maoj  parts  of  the 
machinery  were  left  by  later  raecbaoica  to  chance 
for  their  further  improvement. 

Great  care  and  no  small  ingenuity  had  been  ex- 
pended on  the  cylinder  and  its  appendagei;  the 
boiler  had  received  a  portion  of  av 
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shape  was  regulated  by  geometrical  canons^  and 
the  furnace^  too^  was  not  quite  forgotten,  for  the 
smoke  flue  was  made  to  meander,  in  every  possi- 
ble way,  round  the  boiler;  and  it  may  have 
been  that  its  meanderings  weie  advantageous. 
But  the  circumstances  which  mainly  effected  the 
general  loss  of  power  not  being  agreed  upon, 
opened  a  field  of  contention,  which  was  at  all 
times  fully  occupied.  *'  The  attendant,"  said  one 
improver,  **  is  careless,  and  he  does  not  feed  the  fire 
BO  copiously  as  he  should.  A  large  furnace — ample 
surface  of  grate-bar  and  plenty  of  coal,  what  more 
is  necessary  ? — if  a  failure  of  effect  is  still  appa^ 
rent,  let  the  coal-binn  be  examined,  and  judgment 
given  to  bury  the  lazy  or  niirgardly  engine-man 
under  his  miscalled  savings.  My  furnace  will  con- 
sume any  thing,  and  raise  steam  in  an  hour 
sufficient  for  a  day."  "  But  it  will  do  better," 
■ays  a  second^  "  ii  my  boiler  is  placed  over  it.'* 
^  Without  my  piston  and  steam  valve,"  says  a 
third,  "  in  my  opinion,  your  schemes  will  prove 
abortive."  And  thns  rival  mechanists  carried  on  a 
petty  warfare,  each  depreciating  his  neighbour's 
nostrum,  and  earnestly  recommending  his  own. 
There  was  however  one  fact  acknowledged  by  all 
—enormous  quantities  of  coals  were  engulphed  in 
the  furnace. 

■  It  was  a  boast  with  those  who  were  interested 
in  the  erection  of  this  kind  of  machinery,  that 
the  great  expenses  incurred  for  draining  coal 
mines  were  absolutely  saved  altogether  by  using 
the  fire-engine— for  it  may  be  worked,  they  said, 
with  the  refuse  of  the  produce  of  the  mine^-^which 
is  not  only  unsaleable,  but  whose  accumulation  on 
the  surftice  is  a  positive  nuisance. 

Whatever  shadow  ings  of  truth  gave  relief  to 
this  statement,  experience  quickly  taught,  that  in 
the  most  favourable  cases,  the  economical  advan- 
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tage  was  bounded  within  narrow  limits  ,'--and  the 
furnace  of  a  fire-engine,  even  at  the  mouth  of  a  coal 
mine  was  like  other  monsters,  whose  voracity,  al- 
though it  might  partly  be  satisfied  by  devouring 
garbage,  required  to  be  often  stimulated  by  sub- 
stances of  more  value ; — ^and  the  ^'good  coal,  the 
market  article,*'  that  was  thrown  in,  to  propitiate, 
as  it  were,  "  the  refuse"  to  do  its  office,  became  a 
serious  item  of  deduction  from  the  gross  profit  i — 
where  the  whole  supply  was  to  be  brought  from 
a  distance,  and  bought  at  a  high  price,  the  con- 
sumption of  fuel  was  beheld  with  astonishment, 
and  the  worldlyminded  proprietor,  on  reckoning 
up  its  value,  was  struck  with  dismay. 

The  first  attempt  to  form  an  estimate  of  the 
quantity  of  fu^l.that  ought  not  to  have  been  thrown 
into  the  ''  burning  fier^  furnace,*'  by  observing 
bow  much  made  its  exit  in  the  primitive  state  at 
the  chimney -top,  was  made  by  a  Doctor  John  Allen, 
in  a  book,*  which  he  published  in  1780.  He 
found, that  ''in  the  common  method  of  boiling 
water  (since  the  invention  of  setting  boilers  in 
furnaces)  by  the  application  of  fire  under  the  bot- 
tom, and  round  the  sides  of  the  boilers,  notwith- 
standing how  much  soever  it  may  exceed  the 
boiling  of  water  in  a  kettle  over  an  open  fire,  it 
is  evident,  that  well-nigh  half  of  the  heat  or  etfect 
of  the  fire  is  employed  in  heating  the  walls  of  the 
fire-place;  and  in  the  best  contrived  furnaces  that 
he  ever  saw,  the  current  of  flame  and  heat,  after 
having  fetched  one  single  compass  by  a  flue 
round  the  boiler,  made  its  exit  presently  into  the 
tunnel,  whence  it  escaped  into  the  air,  and  further 
benefit  and  advantage  was  entirely  lost." 

In' his  experiments  to  provide  a  remedy  for  this 

*  Specimina  lehnographia^  or  a  brief  narrative  of  several 
new  inventions.    London,  17<^- 
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expensive  eyil,  he  ascertained^  that  water  evapo* 
rates  after  the  rate  of  an  inch  and  a  half  in  depth 
per  hour;  from  which  he  drew  the  conclusion, 
that  the  larger  the  surface  of  boiler  exposed  to  the 
action  of  the  flame,  the  greater  would  be  the  eva- 
poration or  production  of  steam.  He,  therefore, 
placed  his  fire  in  the  centre  of  the  boiler,  and  by 
this  means  it  was  surrounded  by  the  water  which 

was  to  be  heated His  furnace  was  of  copper, 

brass,  or  iron,  of  a  peculiar  form  or  feature,  (simi- 
lar to  that  used  in  modem  steam-boats,)  and  the 
water  was  contained  in  the  space  round  it  by  a 
vessel  of  wood,  lead,  or  any  other  material  that 
would  hold  water.*— This  was  his  first  scheme. 
The  second  is  similar,  with  this  difference  only, 
that,  as  he  had  observed,  in  common  cases,  the 
flame  rise  above  the  chimney-top,  after  encircling 
the  boiler  once,  he  made  his  smoke- flue  with 
numerous  cork-screw-like  windings  through  the 
water,  in  the  manner  of  the  worm  of  a  still; 
lest  the  length  of  the  passage  should  extract  all 
the   heat   from  the    smoke,  and  thus  act  as  a 

•  "  The  mode  of  eonyeying  flame  thronrh  water  had  been 
practised  bj^  others  before  m^  time,  (1770,}  and  was  comiuoa 
in  the  Cornish  mines.  The  inyentor  is  unknown,  but  a  per- 
son of  the  name  of  Swaine  was  a  great  propagator  of  the 
practice. — Watt,  in  Robison's  JHeekanical  Philosophy^  vol. 
li.  This  was  probably  Allen's  mode ;  bnt  it  was  al«o 
known  before  his  time.  Sir  Robert  Moray  and  Dr.  Goddard, 
in  1663,  proposed  brewing  beer  in  a  kettle,  having  <mly  a 
brass  bottom ;  and  in  the  middle  thereof,  a  globe  of  brass  open 
at  the  lower  end,  into  which  the  fire  goes,  whereby  the  brass 
of  the  rest  of  the  kettle  is  saved.  Glauber  used  wooden  coiki 
for  boilers,  but  he  boiled  the  water  they  contained  by  a  small 
copper  globe,  (a  pipe  from  which  was  inserted  into  them,) 
placed  in  a  furnace  heated  witJi  sea-ooal,"— "  a  contrivance,** 
says  Uooke,  when  describing  it,  "  which,  if  prosecuted,  miffht 
be  perhaps  very  beneficial  to  brewers,  dyers,  and  such  other 
traaes  as  have  occasion  to  make  use  of^  great  quantities  of 
water  heated.** 
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^  damper "  on  the  fire-place ;  he  rpcomroended 
the  employment  of  a  larg^e  pair  of  bellows  for 
forcing  the  sluggish  vapour  into  activity. 

Meritorious  as  these  schemes  must  be  thought^ 
considering  the  period  at  which  they  were  pro* 
posed,  it  does  not  appear  that  much  benefit 
could  arise  from  their  adoption,  with  the  excep- 
tion of  the  saving  of  the  heat  which  was  absorbed 
by  the  fire-place;  and  probably,  also,  of  that 
portion  which  was  lost  by  radiation  from  the  sur- 
face of  the  boiler  when  formed,  as  was  iisual, 
with  copper  or  iron — for  the  wooden  boiler 
could  not  radiate  much.  The  doctor  made.no 
attempt  to  ignile  the  gaseous  product  of  the  coal 
before  it  passed  into  the  "  tunnel."  This  was 
left  to  find  its  way  as  before,  merely  *^  cooled  a 
little,"  into  the  atmosphere. 

The  explanation  of  these  schemes,  and  a  dis- 
cussion of  their  advantages,  occupy  the  first  chap- 
ter of  the  Doctor's  treatise.  The  second  is  devoted 
to  an  account  of  an  invention  of  a  more  imposing 
character — a  mode  of  navagating  a  ship  in^  a 
calm. 

Other  projects  for  propelling  a  ship  in  a  more 
expeditious  and  less  laborious  way  than  by  oars, 
which  had  been  proposed  by  others,  he  enume- 
rates, before  entering  upon  the  merits  of  his  own. 
**  In  these,*'  he  says, "  the  motion  was  communi- 
cated by  machinery,  working  wUhoUt  the  ship, 
something  analogous  to  oars  or  paddles,  or  by  the 
revolution  of  wheels  turned  by  a  capstan  placed 
within  the  ship."  No  part  oi  his  machinery,  on 
the  contrary,  was  placed  on  the  outside  of  the 
vessel.* 

*  He  quotes  an  experiment  made  by  a  French  author  on 
the  gralltes  in  the  Mediterranean.  ^  A  lifty-twooared  galley, 
the  oars  thirty-six  fuet  long,  with  three  men  to  each,  move;» 
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The  way  be  proposed  to  get  a  power  and  avoid 
the  defect^  which  attached  to  every  method  that 
had  been  practised  or  proposed,  was  to  form  a 
tonnel  or  pipe  open  at  the  titem  or  hinder  part  of 
the  vessel ;  and  by  means  of  a  pump  to  force  water 
or  air  into  it  through  the  sea,  and  by  the  reaction 
which  this  would  occasion,  the  ship  would  be 
driven  forward,  very  accurately  "  imitating  what 
the  author  of  nature  has  shown  us  in  the  swim- 
ming of  fishes,  who  proceed  in  their  progressive 
motion,  not  by  any  vibration  of  their  fins  as  oars, 
but  by  protrusion  with  their  tails ;  and  water-fowls 
swim  forward  by  paddling  with  their  feet  behind 
their  bodies."* 

The  doctor  carried  his  scheme  into  practice, 
in  a  boat  of  considerable  size  upon  a  canal;  and 
from  that  and  other  experiments,  he  felt  certain, 
that  the  protrusion  of  something  at  the  stem 
was  the  true  way  to  navigate  a  vessel. — ^But  his 
scheme  is  detailed  here,  on  account  of  his  sug- 
gestion, that  the  operation  of  pnmping,  which  was 
performed  by  men  in  his  trials,  could  be  better 
accomplished  by  the  power  of  a  steam-engine, 
"  and  he  could  have  no  manner  of  doubt  that,  if 
a  couple  of  them  were  applied  to  a  ship  of  four- 


at  the  rate  of  three  miles  and  three-quarters  an  hoar. — ^This 
effect  is  equal  ^o  a  force  of  foarteen  ponnds  exerted  by  each 
rower ;  the  cross  section  was  equal  to  eighty  square  feet."^ 

*  '*  It  may  be  remarked,  that,  at  a  very  early  f>eriod, 
aqaatic  automata,  furnished  with  wheels  and  other  similar 
contrivances,  were  moved  by  other  means  besides  those  de- 
rived from  animal  power.  Roger  Bacon,  de  Admirabili  Fo- 
tentia  artis  et  natuno — and  J.  C.  Scaliger,  exercit.  326,  ad 
Cardannm. — Babington's  Pt/rofccAnfa,  cap.  60. 

"  In  1732,  The  Comte  de  Saxe  revived  the  project  of  wheel- 
boats,  and  presented  an  account  and  plan  to  the  Academy 
of  SciencM,  of  a  bai^ e  moved  by  a  wheel  placed  on  each  side 
of  the  boat."    Tom.  vi.  p.  41,  Machinei  Jpprouv^es. 
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teen  or  fifteen  hundred  tons,  they  would  impel  it 
at  the  rate  of  three  knots  an  hour.*'* 

Gensanne  describes  his  engine  as  combining  the 
improvements  which  made  Newcomen's  a  self- 
acting  machine,  with  a  greater  simplicity  of  parts 
than  had  been  used  when  constructing  an  appa- 
ratus on  Savery's  principle:  a,  is  a  receiver;  b, 
pipe  from  cistern ;  d,  injection-pipe  and  cock ;  e, 
fy  the  lever  of  the  steam  or  regulating  valve ;  «, 
g,  the  fork  which  moves  it  backwards  and  for- 
wards;  h,  k,  parallel  levers;  i,  lever  moving  on 
an  axis;  o, attached  to  parallel  rods;  m,nf  tum- 
bling-bobs; r,  s,  boxes  attached  to  each  end  of 
lever  ij  each  having  a  valve  opening  upwards  to 
allow  the  water  with  which  they  are  filled  to 
escape.  The  rise  and  fall  of  a  tappet  or  slider- 
pin  ^xed  in  the  rod,  h,  which  is  inserted  in  the 
slider,  forming  the  continuation  of  the  lever  or 
axis  of  injection-cock  ;  x,  boiler.  In  the  engrav- 
ing the  parts  are  shown  in  the  position  of  the  in- 
jection-cock, being  open,  and  the  steam-cock  shut, 
and  the  receiver  filled  with  water.  At  this  in- 
stant the  mechanism  is  so  arranged  that  the  water' 
box,  8,  is  empty,  and  the  opposite  one,  r,  is  filled 
to  its  limit  with  water :  the  end  of  the  lever  on 
which  it  is  fixed  preponderates,  and  it  moves 
downwards, (the  valve  in  the  bottom  of  the  cistern 
from  which  it  was  Mied,  closes  of  itself  by  the 
weight  of  water  on  it.)  The.slider  of  the  injec- 
tion-cock is  also  moved  downwards,  which  closes 
it ;  and  during  the  same  moment,  the  fork  reverses 
f||ie  position  of  the  steam- valve,  and  opens  it ;  ap- 
proaching nearly  to  the  limit  of  its  stroke,  the 
lever  comes  in  contact  with  the  arm  of  the  tum- 
bling-bob, n,  and  raising  its  weight  beyond  the 

*  P.  U,  Specimina  Ichnographica, 
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perpendicular,  receive  i  a  sharp  impalie  from  ilk 
quick  fall ;  this  completes  the  operation.  At  this 
instant  a  spindle  of  the  valve  in  the  bottom  of  the 
box^r,  is  thrust  upward,  and  the  water  which  it  con- 
tained escapes  through  it; — and  at  the  same  mo« 
ment  the  box,  s,which  had  been  elevated  by  the  rise 
of  the  other  end  of  the  lever,  thrusts  the  spindle  of 
the  valve,  placed  in  the  bottom  of  the  cistern  also 
upward ;  and  receives  the  water  which  falls  from 
it.  When  it  is  filled,  the  preponderance  which 
is  given  to  the  end  of  the  lever  on  which  it  is  fixed 
carries  it  downwards.  This  reverses  the  position 
of  all  the  other  parts,*  and  it  is  obvious  the 
movement  may  be  repeated. 

Another  mode  of  applying  the  power  of  a  steam- 
engine  to  navigate  a  vessel,  was  su^ested  by  Jona- 
thftn  Hulls  in  I737.t  But  the  scheme,  although 
a  nearer  approach  to  the  present  form  of  the 
flteam-boat  than  Allen's,  can  neither  be  considered 
as  the  first  suggestiou  for  moving  wheels  by  steam, 
nor  any  improvement  on  the  idea  which  emanated 
from  another  | — nor  even  any  specimen  of  me- 
chanical skill,  for  it  is  awkward,  clumsy,  and  in- 
artificial ;  but,  as  his  claims  have  been  put  forth 
to  a  higher  place  than  is  here  assigned  him,  they 
will  be  better  understood  by  a  reference  to  the  en- 
graving marked  Hulls,  1737,  and  the  descrip- 
tion of  it  which  follows  nearly  in  his  own  words. 
It  is  doubtful  whether  Hulls  ever  proceeded  be- 
yond printing  a  description  of  his  project. 

*  P.  223,  Yok  vii.  Machines  Approuv^i.  ^ 

■f-  A  description  and  draught  of  a  new-invented  mach^ 
for  carrying  vessels  or  ships  out  of  or  into  any  harbour,  port, 
or  river,  against  wind  or  tide ;  or  in  a  calm.  Lond.  1737. 
It  is  a  pamphlet,  by  no  means  scarce,  containing  forty-eight 
pages,  about  eight  of  which  have  any  reference  to  his  inven- 
tion. Hulls  took  out  a  patent. 
X  See  page  97. 
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'*  a,  chimney  coming  from  the  fainace ;  b,  tow- 
boat;  c,  c,  two  pieces  of  timber  framed  together  to 
carry  the  machine,  <2 ;  x,  y,  g,  three  wheels  on  one 
axis  to  receive  ropes,  8,l,u ;  t,  being  rope  that 
goes  into  cylinder;  m,  n,  two  wheels  on  same 
axis  with  the  fans,  t,  i,  i;  u,  is  a  rope  going  from 
wheel,  n,  to  « ;  that  when  the  wheels,  x,  y,  e, 
move  forward,  moves  wheel,  n,  forward,  and  the 
fans  along  with  it ;  «,  a  rope  going  from  wheel,  m, 
to  the  wheel,  x,  so  that  when  the  wheels,  x,  y,  s, 
move  forward,  the  wheel,  m,  draws  the  rope, «, 
and  raises  the  weight,  g,  at  the  same  time  as  the 
wheel,  n,  brings  the  fans  forward. 

**  When  the  weight,  g,  is  [so  raised,  while  the 
wheels,  x,  y,  z,  are  moving  backward,  the  rope,  s, 
gives  way,  and  the  power  of  the  weight,  g,  brings 
the  wheel,  m,  forward,  and  the  fans  with  it,  so  that 
the  fans  always  keep  going  forward,  notwithstand- 
ing the  wheels,  x,  y,  e,  move  backwards  and  for- 
wards as  the  piston  moves  up  and  down  in  the 
cylinder :  o,  e,  teeth  for  a  catch  to  drop  in  from 
the  axis,  and  are  so  contrived,  that  they  catch  in 
an  alternate  manner,  to  cause  the  fans  to  move 
always  forward ;  for  the  wheel,  m,  by  the  power 
of  the  weight,  g,  is  performing  its  office  while  the 
other  wheel,  n,  goes  back,  in  order  to  fetch 
another  stroke.  The  weight,  g,  must  contain  but 
half  the  weight  of  the  pillar  of  air  pressing  on 
the  piston,  because  the  weight  is  raised  at  the 
same  time  as  the  wheel,  n,  performs  its  office ;  so 
that  it  is,  in  effect,  two  machines  acting  alternately 
by  the  weight  of  one  pillar,  of  such  a  diameter, 
as  the  diameter  of  the  cylinder  is.*'  Hulls,  aware 
that  objections  might  be  urged  against  its  want  of 
originality,  endeavours  to  anticipate  them ;  '*  if  it 
should  be  said,"  says  he,  **  that  this  is  not  a  new 
inventioDj  because  1  make  use  of  the  same  power 
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to  drive  my  machine,  that  others  hare  made  use 
of  to  drive  theirs  for  other  purposes,  I  answer. 
The  application  of  this  power  is  no  more  than  the 
application  of  any  common  and  known  instrument 
used  in  mechanism  for  new  invented  purposes." 

It  may,however>  be  observed,  that  he  considers 
that  il  would  not  be  practicable  to  place  his  appa- 
ratus on  board  of  the  ship  which  it  is  required 
should  be  moved—but  that  a  separate  vessel 
should  be  appropriated  to  its  reception,  and  that 
this  should  be  used  as  a  tow-vessel;  and  he  urg^ 
several  economical  reasons  in  favour  of  his  Tow- 
Boat,  The  manner  of  converting  the  rectilineal 
motion  of  his  piston  into  a  rotary  one,  is  very 
ingenious.* 

Payne,  in  his  narrative  of  a  ''  new  method  of 
expanding  fluids,  by  their  being  conveyed  into  cer- 
tain ignifled  vessels,  where  they  are  immediately 
rarefied  into  an  elastic  impelling force,"t  eshibits 
considerable  originality  of  idea  as  well  as  con- 
struction. His  boiler,  which  he  called  his  ex- 
panding vessel,  was  shaped  like  a  balloon,  the 
greater  end  of  which  formed  the  roof;  a  pipe  was 
carried  through  the  top  of  this  expanding  vessel, 
which  had  a  kind  of  horizontal  drum  lixed  upon  it. 
On  the  periphery  of  the  drum  or  dUpener  were 
placed  a  radiating  series  of  small  pipes.  The 
lower  end  of  the  vertical  pipe,  which  may  be 
called  the  axis  of  the  disperser,  was  formed  as  a 
pivot;  this  turned  in  a  socket,  supported  by  a 
bracket.  The  upper  end  of  the  pipe  (outside  of 
Che  balloon)  was  fitted  with  a  cog-wheel,  which 

*  About  this  period  three  fire-engines  were  in  operation  in 
France,  one  at  Freiae,  near  Cand6 ;  one  at  a  coal  mine  at  Sara, 
near  Charleroi ;  a  third  at  a  lead  mine  near  Kamur. — Gen- 
sanne,  p.  300,  vol.  vii..  Machines  Approuviet. 

t  P.  Sai,  vol.  zLi.  PhUosepMem  TrtMtnUiwiu, 
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worked  into  another.  The  flue  of  the  furnace  en- 
compatsed  the  middle  division  of  the  balloon. 
When  water  was  introduced  into  the  upper  end 
of  the  vertical  revolving-pipe  it  fell  into  the  drnm^ 
and  by  its  revolution  wai  thrown  through  the 
■mall  radiating  pipes  on  that  portion  of  the  bal- 
loon exposed  to  the  action  of  the  furnace,  and 
a  rapid  production  of  steam  was  thus  occa- 
sioned. The  water  which  was  not  converted 
into  vapour  fell  to  the  bottom  or  narrow  end  of 
the  balloon^  and  was  conveyed  away  by  pipes« 
placed  there  for  that  purpose.  Payne  says,  he 
evaporated  forty  gallons  of  water  in  an  hour,  which 
supplied  a  twenty-four  inch  cylinder  by  this 
method ;  and  in  experiments  made  at  Wedgebury 
and  Newcastle  he  rarefied  ninety  gallons  of  water 
in  an  hour,  by  one  hundred  and  twelve  pounds  of 
pit-coal,  being,  he  says,  about  one-third  only  of  the 
fuel  required  to  do  the  same  thing  in  common 
boilers.  He  stated  the  expansion  of  steam  at 
four  thousand  times  the  bulk  of  water  which 
formed  it — a  better  guess  than  any  that  had  yet 
been  offered. 

It  is  uncertain  whether  he  succeeded  in  intro- 
ducing his  clever  plan  into  practice — probably  not, 
for  ten  years  afterwards,  Blake,  in  a  paper  read 
before  the  Royal  Society  in  favour  of  wide  and 
short  rather  than  narrow  and  long  steam  cylinders, 
notices  "  that  the  prodigious  vessel  of  water  to  be 
kept  boiling,  when  only  an  inconsiderable  part  of 
it  is  employed  in  the  work,  savours  too  little  of 
the  frugality  of  nature,  which  we  ought  ever  to 
imitate."* 

In  the  same  year  Smeaton  gave  an  account  of 
a  self-acting  engine  on  Savery's  principle,  invented 

*  FMloHphhal  TrtauacUons,  p.  900.  vol.  xlvii. 
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by  aPortugnete  gentleman.  A  light  ball  of  cop. 
per  formed  a  float  within  the  receiver;  this  was 
auached  to  an  axis  or  spindJe^  passing  through  a 
socket  to  the  outside  of  the  vessel.  The  float  rises 
and  falls,  with  the  rise  and  fall  of  the  water,  and 
communicates  a  corresponding  motion,  to  a  series 
of  levers  or  gears  on  the  outside,  adjusted  to  make 
the  motions  simultaneous.*  By  this  Mr.  de  Moura 
performed  the  same  thing,  by  means  slightly 
different  from  those  employed  by  Gensanne  some 
years  before. 

The  project  which  had  several  times  been  dis- 
cussed by  the  Academy  of  Sciences,  when  indivi- 
duals presented  to  their  notice  schemes  for  moving 
vessels  by  other  aids  than  wind  or  oars,  was  in 
1757  propounded  as  the  subject  of  their  prize 
essay.  The  celebrated  Daniel  Beraouilli  demon- 
strated the  effect  of  several  mechanical  combina- 
tions,  which  might  advantageously  supply  the 
power  derived  from  wind  or  oars.  He  gave  the 
preference  to  paddle-wheels,  which  he  t  suggested 
might  be  moved  by  steam  or  gunpowder.  Gautier, 
a  canon  of  Nancy,  did  not>  in  his  essay,^  exhibit 
such  unbounded  power  over  the  medium  by 
which  his  ideas  were  illustrated,  as  was  possessed 
by  the  mathematical  giant  who  bore  away  the 
prize  in  this  competition  ;  but  in  the  details  of  his 
scheme  he  shows  a  finer  mechanical  tact  than  his 
rival  Bernouilli.  A  steam-engine,  with  several 
ingenious  modifications  to  produce  rotary  motion, 
is  made  to  turn  paddle-wheels  placed  at  each  side 
of  the  boat>  as  recommended  by  Duquet  in  1698. 
His  essay  throughout  shows  him  to  have  been 

*  P.  4d7>  vol.  xLvii,  Philo»ophical  TroMactioM. 
t  P.  94,  torn.  VII,  Recueil  des  Piicet  qui  ont  remporte  lei 
prix, 
X  p.  251.  torn.  Ill,  M4moiret  de  laSoci^U  Royale  de  Nant^, 
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rich  io  mechanical  resources,  and  jfe  remark  with 
surprise  such  clear  and  distinct  notions,  on  a  per- 
fectly novel  and  difficult  subject  familiar  to  a  man 
who  had  always  lived  in  an  inland  town,  and 
totally  ignorant  of  maritime  affairs.' 
.  It  was  a  favorite  project  of  Dr.  Hale's  to  increase 
the  evaporation  from  sea-waler  during  the  process 
of  making  salt,  by  artificial  ventilation.*  Kean 
Fitzgerald,  in  1757,  applied  the  Doctor's  idea  to 
the  production  of  vapour  to  supply  a  fire-engine 
He  inserted  one  end  of  a  pipe  into  the  water  of  the 
boiler^  and  to  the  other  end  he  fitted  a  huge  pair  of 
bellows,  his  project  bein^  to  blow  air  through  the 
hot  water,  which  would  rise  as  steam  into  the  cylin- 
der. Putting  the  bellows  in  action,  he  produced 
as  he  had  anticipated,  about  a  siith  more  vapour 
than  was  generated  when  blowing  was  not  resorted 
to.  Here  the  increase,  although  considerable, 
not  being  quite  equal  to  his  expectations,  he 
proceeded  to  a  second  trial,  in  the  hope  of  making 
a  greater  impression;  a  new  pair  of  bellows 
was  constructed  for  the  occasion,  larger,  stronger, 
and  tighter  than  those  used  in  the  first  experiment, 
but  on  attempting  to  blow  into  the  boiler,  the 
bellows  stood  as  stiff  as  if  they  had  been  solid 
within  :  they  were  loaded  with  a  weight  of  several 
hundred  pounds,  but  still  they  resisted  com- 
pression as  before.  The  cause  now  became  ob- 
vious, a  force  must  be  applied  to  empty  them 
greater  than  that  which  was  opposed  by  the  elas- 
ticity of  the  steam  in  the  boiler;  but  as  the  top  of 
the  bellows  bad  a  surface  of  nine  or  ten  square 
feet,  to  place  ten  or  eleven  pounds  on  each  square 
inch    of     this  area,    was     beyond    his   ability. 

*  P.  138,  vol.  L,  PhilotopMcal  Tramaetions, 
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When  tb«  a(eam-cock  was  opened^  a  little  air,  it 
-was  found,  might  be  injected.  The  most  extra- 
ordinary circunistance  of  all  was^  that  although 
the  experimenters  were  quite  satisfied  that  not  a 
particle  of  air  entered  the  boiler>  there  was  an  in- 
crease of  steam  during  the  second  experiment^ 
equal  to  that  during  the  first. 

The  first  and  second  experiment  coincided  per- 
fectly together  when  the  *' results  were  compared," 
and  a  careful  inspection  of  the  "  old  bellows/' 
showed  further  that  the  two  trials  coincided  in  every 
thing.  In  fact,  the  air  which  was  supposed  to  have 
passed  through  tlie  hot  water,  in  the  first  attempt, 
and  was  considered,  after  having  assisted  in  filling 
up  the  cylinder, to  have  passed  into  the  atmosphere 
through  the  ^'  sniffing  clack,"  took  a  much  shorter 
path,  and  glided  quietly  through  a  crack  which 
had  not  been  observed  in  the  bottom  of  the  '^  ven- 
tilating bellows." 

Fitzgerald,  a  good-natured  man,  disarmed  the 
ridicule  which  his  experiments*  might  have  pro- 
voked by  explaining  the  cause  of  his  failure  as  can- 
didly as  he  had  stated  the  value  of  his  invention  ; 
and  he  consoled  himself  and  the  society  by  an  as- 
surance that,  mistaken  as  he  was,  and  misled,  as 
they  had  been  as  to  the  cause  of  the  increase  of 
steam,  that  increase  in  reality  was  produced  ;  for 
by  the  constant  care  that  was  taken  during  the  time 
of  making  these  experiments  *'  to  measure  the 
coal,  and  to  admit  only  a  proper  quantity  to  be  laid 
on,  and  also  to  mark  the  time  it  took  exactly  in 
burning,  the  engine  then  required  eight  bushels 
of  coals  less  in  every  twenty-four  hours'  work  than 
it  did  before ;  and  also  from  the  regularity  of  its 
stroke  it  threw  up  more  water;  the  same  care 
being  required  from  the  engineer^  afterwards  he 
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had  no  piTeteBce  for  consuming^  more  coals  than 
appeared  sufficient  during  the  time  the  experi- 
ments were  making."* 

Fitzgerald's  next  attempt  at  improvement  was 
less  equivocal;  and  his  method  of  converting  the 
reciprocating  motion  of  the  piston  rod  of  an  at- 
mospheric engine  into  a  rotary  one,  was  not  want- 
ing in  ingenuity.  ''  He  employed  a  combination  of 
larger  toothed  wheels^  and  of  smaller  ratchet 
wheels^  worked  by  teeth  upon  the  arch  or  sector 
of  the  great  beam  ,*  one  of  these  ratchet  wheels 
l)eing  put  in  motion  by  the  ascent  of  the  bearn^ 
and  standing  still  during  its  descent,  when  another 
Tatchet  wheel  is  moved  by  an  intervening  wheel  in 
the  same  direction  as  the  first;  and  thus  the  two 
communicated  a  continuous  rotative  motion  to 
the  axis  on  which  they  are  placed,  which  is  thence 
transmitted  by  a  larger  toothed  wheel  to  a  smaller 
wheel  or  pinion,  on  the  shaft  of  which  is  afiy  to 
communiceite  a  momentum,  and  a  crank  proposed 
to  be  applied  to  work  ventilators,  and  to  many  other 
useful  purpolses.  The  fly,  by  accumulating  in  itself 
the  power  of  the  machine  during  the  time  it  was 
acted  upon,  would  continue  in  motion,  and  urge 
forward  the  machinery,  whilst  the  steam-engine 
was  going  through  its  inactive  returning  stroke.*' 
Fitzgerald  is  said  to  have  had  a  patent  for  this  in- 
vention, but  Mr.  Watt,  after  a  search,  could  not 
succeed  in  finding  that  he  had.  *'  He  published 
proposals  for  erecting  mills  of  all  kinds  driven  by 
■team-engines,  but  his  proposals  did  not  meet  with 
the  confidence  of  the  public.*'t 

Brindley'sscheme(]  7  59)of  reducing  the  expense 
of  Aiel  in  steam-enrinesjbya  novel  construction  of 
the  boiler,  resembles  Doctor  Allen's,— he  formed 

•  P.  373,  vol.  L,  Philosophical  Transactions. 
t  P*  1 18,  vol.  XX.  Robison'M  MeoJianical  Philosophy. 
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the  top  and  sides  of  his  boiler  of  wood,  and '  the 
bottom  of  stone ;  the  fire-place  was  placed  within, 
and  surrounded  with  water.  The  rapid  decompo- 
sition of  the  wood  was,  however,  found  to  be  an 
objection  to  its  use  in  practice. 

About  this  time  a  notice  of  the  use  of  the  at- 
mospheric engine  in  America  first  occurs,  and  a 
little  later  two  were  stated  to  be  in  operation  at  a 
copper-mine  on  the  Passaick.  All  the  engines 
in  operation,  either  on  the  continent  or  in  Ame- 
rica, were  constructed  by  English  mechanics. 

The  improvements  of  the  mechanism  stimulated 
many  projects  for  adapting  its  agency  to  other 
purposes,  besides  that  of  raising  water,  and  the 
scheme  of  John  Theophilus  Cugnot,  a  native  of 
Void,  in  Lorraine,  is  meritorious  from  its  novelty 
and  for  its  successful  practical  developement.  In 
his  youth  Cugnot  served  in  Germany  as  an  en- 
gineer. Passing  afterwards  into  the  service  of  prince 
Charles  of  Lorraine,  he  resided  at  Brussels,  and 
gave  lessons  in  the  military  art,  with  the  theory 
and  practice  of  which  he  was  profoundly  ac- 
quainted. The  invention  of  a  light  gun  procured 
him  the  notice  of  the  Comte  de  Saxe,  to  whom 
about  1763  he  exhibited  a  model  of  a  carriage' 
moved  by  a  steam-engine  instead  of  horses.  He 
afterwards  lived  at  Paris,  and  through  the  recom- 
mendation of  the  Comte,  obtained  the  patronage 
of  the  Due  de  Choiseul,  then  minister  at  war.  He 
was  now  (1769)  enabled,  at  the  public  expense,  to 
construct  a  large  carriage,  the  wheels  of  which  were 
moved  by  a  steam-engine,  similar  to  that  of  the 
model  of  1763.  At  the  first  trials  (1770)  of  this 
novel  vehicle,before  a  numerous  assemblage  of  offi- 
cial and  professional  persons,  its  movements  were 
so  violent  as  to  overturn  a  portion  of  wall  which 
was  opposed  to  its  progress.    This  unfortunately 
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produced  an  optnion,  that,  in  consequence  of  the 
ancertainty  of  obtaining^  proper  mechanical  con* 
trol  over  its  motion,  it  could  be  of  small  use  in 
practice.  The  project  was  therefore  abandoned, 
and  the  experimental  machine  was  deposited  in 
the  museum  of  the  Arsenal,*  to  become  a  point  of 
reference  to  the  epigrammatist,  and  a  memorial 
of  the  blasted  hopes  of  its  accomplished  author. 
Cugnot's  genius  expanded  half  a  century  too  soon, 
either  for  its  value  being  known,  or  its  efforts 
cherished.  At  a  later  period  of  his  life,  his  means 
of  subsistence  having  fallen  into  decay,  the  vari- 
ous services  he  had  rendered  to  the  public  were 
thought  to  entitle  him  to  a  reward  from  the  state. 
The  revolution  sweeping  away  even  this  pitiful 
pension  of  twenty-one  pounds  a  year,  Cuguot 
must  have  perished  of  hunger  but  for  the  com- 
passionate benevolence  of  a  lady  of  .  Brussels. 
With  the  kindness  natural  to  woman,  she  not  only 
provided  for  the  wants  but  watched  with  tender- 
ness over  the  personal  comforts  of  the  now  feeble 
and  helpless  old  man,  until  the  well-known  Mer- 
cier  succeeded  in  drawing  the  attention  of  Napo- 
leon Bonaparte  to  the  miserable  fate  of  his  ancient 
and  aged  friend.  Cugnot  died  at  Paris  in  1  SOS,  in 
his  80th  year,  in  a  state,  to  him,  of  com  parative  afflu- 
ence,— the  enjoyment  of  an  annuity  from  Napo- 
leon, about  double  in  value  to  that  of  which  he 
was  deprived  by  the  overthrow  of  the  monarchy. 
It  would  be  difficult  to  value  the  claims  urged 
by  Blakey,  as  author  of  an  improvement  on 
Savery's  machine,  from  his  own  account  of  its  pro- 
perties and  advantages.  He  appealed  to  an  ex- 
periment,t  and  by  its  result,  his  claim  may  be  fairly 

*  It  is  now  plftced  in    the  ContervcUoire    4es  Arts  ei 
Mitiers. 
i  **  Great  contention  arose  among  some  of  those  who  counted 
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decided.  His  idea  was  to  make  a  quantity  otoil 
or  air  float  on  the  surface  of  the  water  in  his  re- 
ceiver, and  by  this  means  to  prevent  the  great  con- 
densation that  took  place  when  the  vapour,  in  the 
common  engines,  came  into  contact  with  the  sur- 
face of  the  water  in  the  receivers.  The  oil  and 
the  air  he  considered  would  act  as  a  piston,  hav- 
ing a  very  small  conducting  power  :  a, the  boiler; 
b,  pipe  conducting  steam  from  it  into  the  cylin- 
der ,  c,  injection  pipe,  perforated  with  small  holes 
passing  through  the  cylinder  into  the  steam  pipe; 
d,  pipe  connecting  the  upper  cylinder  with  a  similar 
one,  e,  placed  beneath  it ;  g,  a  pipe  opening  into 
the  atmosphere,  and  opened  and  shut  by  means  of 
a  ball-cock;  h,  a  pipe  for  occasionally  emptying 
the  cylinder;  t,  k,  valves  permitting  the  rise  of 
water  in  the  pipes,  /,  m,  but  preventing  its  return ; 
n,  eduction  pipe  ;  o,  pipes  from  cistern;  r,  a  cul- 
lender with  small  holes  to  disperse  the  injection- 
water  equally. 

The  injection  cock  is  to  be  shut  and  the  steam 
cock  opened,  and  the  flow  of  steam  from  the  boiler 
will  speedily  All  the  apparatus,  expelling  the  air 
which  it  contained  through  the  pipe  used  for  oc- 
casionally emptying  the  cylinder ;  when  the  air  is 
expelled,  the  steam  cock  is  to  be  shut,  and  the  in- 
jection cock  opened ;  a  vacuum  is  thus  produced 

themselres  men  of  science,  as  to  the  practieabilitr  of  sneh  a 
project,  some  gftvinc  it  as  their  opinion  that,  if  the  principle 
were  to  be  admitted  it  wonld  be  very  difficult  to  apply  it  in 
mines,  where  it  would  require  ten  atmospheres  at  leaat,  while 
others,  with  exalted  pretensions,  declared  it  possible  to  con- 
duct its  influence  to  the  centre  of  the  earth.  But  an  accident 
terminated  the  eyent,  as  to  this  engine,  in  Cornwall,  by  one 
of  the  steam  vessels  bursting,  through  the  force  of  the  steam; 
though  much  under  the  degree  of  power  proposed  to  the  Cor- 
nish genaemen."— p.  306.,  vol.  ii.  Gregory's  Mechanics.-^Ul 
ediLioa. 
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in  both  cylinders.      Water  from  the   cistern  is 
forced  up  the  pipe,  o,  into  the  lower  cylinder,  and 
rising  upwards  moves  the  floating  ball  attached  to 
the  cock  or  the  pipe,  g;  this  opens  it,  and  permit- 
ting th«*  air  to  fill  the  upper  receiver,  the  farther 
rise  of  the  water  is  prevented — the  steam  cock  is 
now  opened  and  the  injection  cock  shut,  and  the 
vapour  presses  the  air  from  the  upper  cylinder  into 
the  lower,  and  this  in  its  turn  forces  the  water  be- 
neath   it  through  the  pipe  x,  into  the  eduction 
pipe.    The  escape  of  the  air  through  the  pipe  gf, 
at  the  commencement  of  the  operation,  is  pre- 
vented by  the  operation  of  a  small  valve  placed 
at  the  end  of  the  pipe  which  opens  upwards.  When 
the  air  has  been  expelled  from  the  upper  receiver, 
its  decent  has  in  its  turn  forced  the  water  from  the 
under  vessel  into  the  reservoir.    The  injection 
cock  is  then  opened,  and  the  vapour  is  condensed ; 
the  air  in  the  lower  vessel  expands  upwards,  and 
forming  a  partial  vacuum  in  both,  permits  the 
rise  of  the  water  from  the  cistern; — its  ascent 
again  lifts  the  ball  cock  and  opens  through  the 
pip^)  ^9  the  communication  with  the  atmosphere 
and  upper  cylinder  which  is  again  filled  with  air; 
the  injection  cock  being  shut,  and  the  steam  cock 
opened,  the  vapour  forces  the  air  before  it,  and 
that  communicates  its  motion  to  the  water,  as  has 
been  described, and  these  alternations  produce  the 
efi'ect  intended.     On  trial  the  scheme  failed,  and 
Blakey  was  added  to  the  list  of  unsuccessful  specu- 
lators— not,  however,  without  exerting  the  privi- 
lege of  complaining  of  patronage  being  withheld, 
and  promises  broken. 

The  various  views  of  the  atmospheric  engine 
which  have  been  already  given,  may  probably  be 
considered  more  than  sufficiently  numerous  for  the 
illustration  of  a  mechanism  whose  use  is  soon  to 
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become  obsolete  $  but  justice  to  tKon  who  aie  to 
folio W5  as  much  as  to  those  who  have  gone  before, 
required  ample  notices  of  the  various  fonns  New- 
comen'i  apparatus  leoeivedi  before  it  was  super- 
seded by  another  combination.  The  mosl«perfect 
models  will  be  found  described  at  great  length  in 
the  works  of  Smeaton. 

"  This  eminent  man  was  'bom  an  engineer ;  his 
playthings  were  not  those  of  children,  but  the 
tools  men  work  with,  and  he  had  always  more 
pleasure  in  observing  artificers  work  than  in  join- 
ing in  juvenile  amusements."*  The  elder  Smeaton 
was  an  attorney,  and  the  son,  yielding  to  parental 
wishes,  attended  the  courts  at  Westminster,  to  fit 
him  for  practising  his  father's  profession.  But  his 
disgust  of  what  he  called  *Uhe  sordid  employ- 
ment" overcame  his  strong  filial  resolution,  and 
following  the  impulse  of  his  genius,  he  began  his 
brilliant  career  as  an  experimental  philosopher^ 
engineer,  and  mechanic. 

*  **  Early  in  life,  he  attracted  the  notice  of  the  duke  and 
duchess  of^  Queensberry,  from  a  strong  resemblance  to  their 
favourite  Gay,  the  noet.  The  commencement  of  this  ao- 
quaintaaoe  was  singular,  but  the  continuance  of  their  esteem 
lasted  through  life.  Their  first  meeting  was  at  Ranelagh, 
where  walking  with  Mrs.  Smeaton,  he  observed  an  elderly 
lady  and  gentleman  fix  an  evident  and  marked  attention  on 
biro.  After  some  turns,  they  at  last  stopped  him,  and  the 
duohess,  of  eeeentrio  memory,  sud,  **  Sir,  I  don't  know  who 
yon  are,  or  what  you  are,  but  so  strongly  do  you  resemble 
my  poor  dear  Gay,  we  must  be  acunainted,  you  shall  go  home 
and  sup  with  us ;  and  if  the  minas  of  the  two  men  accord  as 
do  the  conntenanoe,  yon  will  find  two  cheerful  old  folks,  who 
can  love  you  well,  (and  I  think  or  you  are  an  hypocrite,)  yon 
can  as  well  deserve  it."  The  invitation  was  accepted,  and 
as  lone  as  the  duke  and  duchess  lived,  the  friendship  was  as 
eordial  as  uninterrupted ;  indeed,  their  society  had  so  much 
of  the  play  which  gennine  wit  and  goodness  know  how  to 
combine,  that  it  proved  to  be  amone  the  most  agreeable  relax- 
ations of  his  lite — a  sort  of  amicable  and  pleasant  hostility 
was  mewed,  wheoever  ttey  met,  of  tftlent  and  good  humour, 
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*^  It  «as  a  favourite  maxim  of  his,  that  the 
abilities  of  the  individual  were  a  debt  due  to  the 
common  stock  of  public  happiness  or  accommo- 
dation. This  governed  his  actions  through  lite ; 
for  the  claim  of  society,  (thus  become  sacred,)  his 
time  was  devoted  to  the  cultivation  of  talents  by 

in  the  course  of  which,  he  effected  the  abolition  of  that  in- 
considerate indiscriminate  plar  amongst  people  of  sn]>erior 
rank,  or  fortune,  which  compels  every  one  to  join,  and  at 
their  own  stake  too ;  he  detested  cards,  and,  his  attention 
never  following  the  g:ame,  played  like  a  boy.  The  game  was 
Pope  Joan,  the  general  run  of  it  was  high,  and  the  stake  in 
the  '*  pope  "  baa  accidentally  accumulated  to  a  sum  more 
than  serious — it  was  Smeaton's  turn  by  the  deal  to  double 
it,  when  regardless  of  his  cards,  he  busily  made  minutes  on  a 
scrap  of  paper,  and  put  it  on  the  board.  The  duchess  eagerly 
asked  him,  "  what  it  was,"  and  he  coolly  replied,  "  Your 
Grace  will  recollect  the  field  in  which  my  house  stands,  may 
be  about  five  acres,  three  roods,  and  seven  perches;  which 
at  thirty  years'  purchase,  will  just  be  my  stake;  and  if  your 
grace  wilima/tea  dukeofrne^  I  presume  the  winner  will  not 
dislike  my  mortgage."  The  joke  and  lesson  had  alike  their 
weight ;  they  never  after  plaved  but  for  the  merest  trifle." — 
p.  29.  vol.  I.    Reports  of  the  late  John  Smeaton, 

"  The  submission  of  his  temper,  naturally  warm,  to  rea- 
son and  benevolence,  is  strongly  illustrated  by  the  follow- 
ing circumstance : — A  man  formerly  employed  by  him  as  a 
clerk,  and  for  whom,  having  the  highest  confidence  and  esteem, 
he  procured  a  similar  though  more  lucrative  situation  in  a 
public  office,  where  he  servra  with  a  fidelity,  which  in  time 
promoted  him  to  a  station  of  high  trust  and  responsibility, 
and  Smeaton  became  bound  with  another  gentleman  for  his 
conduct  in  a  considerable  sum.  It  were  needless  to  say  by 
what  degrees  in  error  this  man  fell.  At  last,  he  foived  a 
fi^se  statement  to  meet  the  deficiency — ^was  detected  and 
ffiven  up  to  justice — the  same  post  brought  news  of  the 
forfeiture  of  the  bond ;  of  the  man's  compunctions  and 
danger ;  and  of  the  refusal  of  the  other  surety  to  pay  the 
moiety.  Yet,  although  Smeaton  disbursed  the  whole, 
amounting  to  some  thousands,  all  that  could  soothe  the  re- 
morse of  a  prisoner,  every  means  which  could  save  him, 
(wHlch  did  at  least  from  public  execution^  were  exerted 
that  could  be  prompted  by  the  most  active  benevolence."*-* 
P.  28,  vol.  X.  ibid. 


914 


•MB&TO*. 


wliich  he  might  benefit  mankiod,  and  afterwards 
to  the  unwearied  appHoatton  of  them.  The  ar- 
rangement of  his  time  was  governed  by  a  method 
as  invariable  as  inviolable;  professional  studies 
were  never  broken  in  upon  by  the  calls  of  pleasure 
or  indolence."  By  his  unremitting  industry^  un- 
yielding integrity,  and  habitual  caution,  he  stood 
without  a  rival  in  his  profession  and  was  called 
upon  for  his  advice  and  direction  in  the  mater 
number  of  public  works  which,  during  his  life, 
were  undertaken  in  his  own  and  other  countries.' 
The  steam-engine  had  a  great  share  of  his  atten- 
tion; and  if  there  is  nothing  which  can  be  pointed 
out  as  having  been  added  by  his  invention,  he  is 
probably  that  individual  to  whom  is  due  the  great- 
est share  of  the  merit  of  giving  the  most  perfect 
form  and  proportion  to  those  materials  supplied 
by  his  predecessors  and  cotemporaries. 


CHAPTER  NINTH. 
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**THZ  TMTRODirCTIOV  Of  KXW  INVENTIONS  SEEMXTH  TO  BE 
THE  VEBT  CHIEF  OF  ALL  HUMAN  ACTIONS.  THE  BENEFITS 
OF  NEW  INVENTIONS  MAY  EXTEND  TO  ALL  MANKIND  UNI- 
VERSALLY, BUT  THE  OOOD  OF  POLITICAL  ACHIEVEMENTS  CAN 
BESPECT  BUT  SOME  PABTICULAB  CANTONS  OF  MEN;  THESE 
LATl'EB  DO  NOT  ENDUBE  ABOVE  A  FEW  AGES,  THE  FOBMEB  FOB 
EVEB.  INVENTIONS  MAKE  ALL  MEN  HAPPY  WITHOUT  EITHER 
INJURY  OB  DAMAGE  TO  ANY  ONE  SINGLE  PERSON.  FURTHER- 
MORE NEW  INVENTIONS  ARE,  AS  IT  WERE,  NEW  ERECTIONS 
AND  IMITATIONS  OF  OOD's  OWN  WORKS." — BOCOU, 


i 
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The  river  Clyde,  lUing  in  Aanandale,  in  iu 
touiae  round  the  base  of  the  hill  of  Tinto,  flows 
through  some  of  the  finest  mead oir  lands  in  Scot- 
laitd;  and  falling  from  ils  elevaled  level  in  mag- 
niflcent  linna,  glides  onvard  through  a  luiuriant 
valley,  having  its  banks  adorned  with  proud  cas- 
tles aud  palaces,  theerful  eotlajes,  prosperoos  vil- 
lages and  towns,  and  continuity  thcoughoul  its 
lengthened  course  to  enliven  q  succession  of 
scenes,  unrivalled  foi  their  pastoral  and  lomaatic 
beauty, 

A  hill  that  shelves  gently  lo  the  north  bank 
■of  this  noble  stream,  at  a  spot  where  it  becomes 
navigable  to  the  ocean,  «as  selected  by  Seirrt 
Kentigern  for  the  siic  of  a  religious  establish' 
ment.  Here  also  (he  gratitude  of  David  I.  enabled 
tiis  preceptor,  Achaius,  to  found  a  stately  cathe- 
dral, which  still  remains  a  venerable  and  majestic 
ornament  of  (he  "  northern  Corinth."  In  later 
times,  by  the  miuiificeTtce  of  Bubop  Tumbnll, 
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the  rising  town  was  distinguii^d  by  the  erection 
of  an  university^  which  shedding  the  genial  influ- 
ence and  polish  of  literary  tastes  over  the  coarser 
pursuits  of  commerce^  a  generous  and  liberal 
spirit  of  enterprise  has  been  diffused  through  the 
wealthy  mercantile  community  which  sprung 
iip^  and  has  continued  to  gather  and  flourish 
around  it. 

At  the  period  of  our  narrative,  a  youth  might 
occasionally  be  observed  during  the  hours  allot- 
ted for  his  recreation^  exhibiting  a  box  of  philo- 
sophical toys  tp  the  students  assembled  at  the 
college  gate.  Of  a  slender  form,  and  sickly  'in 
his  appearance^  his  retiring  and  bashful  manners 
but  ill  accorded  with  the  assurance  required  to 
attract  attention  to  a  collection  of  **  candle- 
bombs" which  he  had  fabricated^  and  hoped  by 
their  iiale  to  add  to  the  means  of  his  boyish  en- 
joyments. 

The  youth  James  Watt,*  had  received  the  ele- 

*  His  great  grandfather  cultivated  his  own  small  farm  in 
the  county  of  Aberdeen.  *•*  But  engaging  in  the  ciyil  wars, 
itt  waa  killed  in  one  of  Montrose's  battles,  and  his  little  pro* 
nerty  was  lost  to  his  family.    His  son  Thomas^  then  an  in< 
iant,  was   brought  up    by  his  relations   and  under  very 
untoward  circumstances,  occasicmed  by  the  persecutions  of 
the  times,  he  succeeded  in  requiring  a  knowledge  of  the 
first  branches  of  mathematics,  sufficient  to  enable  him,  at  a 
later  period,  to  establish  himself  as  a  schoolmaster  at  Craw- 
ibrdsdyke.    He  died  in  February,  1734,  aged  92,  and  Mar- 
garet Sherat,  with  whom  he  had  *'  lired  in  marriage  fifty-five 
years,"  died  in  March,  1735,  aged 79.    They  left  two  sons; 
Joj^,  the  elder,  assisted  his  father  as  a  teacher :  he  settled  at 
Ayr,  and  afterwards  removed  to  Glasgow,  where  he  was  em- 
ployed in  directing  farming  improvements.  "  He  drew  plans  of 
land  neatly  and  accurately,  which  was  a  rare  accomplishment 
•  in  those  times."  He  died  m  I'/B?*  leaving[  a  MS.  survey  of  the 
Tiver  Clyde,  which  was  afterwards  published  by  his  brother. 
J  ante*  t  the  second  son,  engaged  in  the  trade  of  general  dealer 
'  at  Oreenock.    He  also  possessed  taste  in  mapping  land,  bot 
thfl  Meumrj  Attcvtioii  to  th«  |?osiA«i8  ^f  lu«  sWp)  l«ft  him 


mentB  of  a  common  education  at  the  publio 
school  of  his  native  town.  But  with  him  "  nature 
appeared  delighted  to  play  an  after-game  as  well  as 
fortune/'  for  his  extreme  delicacy  of  health  was  as 
unfavourable  for  mental  as  it  was  for  bodily  exer* 
tion^  and  on  completing  a  desultory  attendance,  he 
left  school  in  his  thirteenth  year,  without  having 
given  any  indications  of  a  capacity  beyond  that  of 
the  common  grade  of  his  youthful  associates.  He 
subsequently  derived  a  slight  knowledge  of  the  in« 
troductory  rules  of  arithmetic  from  his  father,  and 
by  sometimes  accompanying  him  in  his  occa- 
sional surveys  of  land,  he  acquired  a  bias  towards 
that  employment. 

During  his  visits  to  a  maternal  aunt,  the  wife 
of  a  brewer,  at  Glasgow,  Watt  became  interested 
in  the  operations  of  a  mechanic,  who  eked  out  a 
scanty  subsistence  by  making  and  repairing  fishing 
tackle,  and  the  simple  instruments  used  in  mecha- 
nical drawing.  By  turns  a  cutler  and  whitesmith^ 
a  repairer  of  fiddles,  and  a  tuner  of"  spinets,*'  he 
was  an  useful  man  at  almost  every  thing.  He  re** 
tailed  nick-nacks  of  many  kinds,  and  through  deal- 
ing in  spectacle  glasses,  he  was  dignified  with  the 

few  opportunities  to  exercise^  his  abilities  in  that  way.  He 
became  much  respected  by  his  townsmen,  and  served,  in  his 
turn,  the  office  of  a  **  Bailie*"  and  was  for  twenty  years  » 
member  of  the  '^  Town  Council."  **  Misfortanea  in  trade 
and  the  decay  of  the  faculties  of  his  mind,  occasioned  'his 
retirement  from  business  some  years  before  his  death." — 
Swpp.  Bncy.  Brit.  vol.  iv.  In  the  burial  ground  of  the 
West  Chufch,  Greenock,  is  the  following  inscription,  which 
iieeords  the  year  of  his  death*  and  other  particulars  of  his 
family  :  "  In  memory  of  James  Watt,  merchant  in  Greenock  ; 
a  benevolent  and  ingenious  man,  and  a  zealous  promoter 
of  the  improvements  of  the  town,  who  died  178:2,  aged  84. 
Of  Agnes  Muirhcad,  his  spouse,  who  died  1783,  ag^  53  ; 
and  of  John  Watt,  their  son,  who  perished  at  sea,  176^ 
aged  23.  To  his  revered  parents  and  to  bis  brother,  James 
watt  has  erected  this  moaiunent/* 

U? 
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title  of  an  oplician.  The  instructioria  of  such  an 
artist  could  offer  little  present,  and  still  less  pro- 
■pective  iodocemeDt  to  any  one  for  the  sacrifice 
of  the  time^  which  was  fixed  as  the  price  of  their 
purchase.  But  as  the  employment  demanded  no 
robustness  of  frame  for  its  exercise.  Watt  in  his 
sixteenth  year  entered  upon  his  new  vocation, 
under  the  auspices  of  the  spectacle -maker. 

At  the  end  of  a  servitude  of  not  quite  two  years, 
he  went  to  London,  and  succeeded  in  getting  em- 
ployment from  a  regular  mathematical  instrument 
maker.  Here  he  saw  methods  of  order  and  des- 
patch in  business,  to  which  in  his  probation  he 
had  been  a  stranger.  This^  however,  was  acqu  ired 
at  a  price  to  him  beyond  its  value ;  **  for  his  seat 
in  winter,  being  near  the  door  of  his  workshop,  he 
caught  a  severe  cold,  the  effects  of  which  he  felt 
9t  times  until  his  sixtieth  year,  when  the  severe 
and  distressing  headaclis  which  they  occasioned, 
ceased  to  afflict  him." 

The  metropolis  had  few  attractions  for  so  soli- 
tary a  man  as  liVatt,  and  he  returned  to  his  native 
town  in  little  more  than  twelve  months  after  he 
had  left  it ;  and  soon  after  ^*  he  began  to  job  on 
his  own  account,''  both  there  and  at  Glasgow ;  but 
at  the  latter  place,  in  which  he  was  more  anxious 
to  settle,  a  formidable  obstacle  presented  itself  in 
the  shape  of  a  corporation.  He  was  not  a  burgess, 
and  the  rights  of  some  of  the  trades  were  consi- 
dered to  be  infringed  by  his  fabrication  of  compass 
legs,  repairing  fiddles,  and  fishing  rods ;  an  of- 
fence which  could  only  be  atoned  for  by  his  remo- 
val beyond  the  city  jurisdiction. 

By  dexterous  management,  Bishop  TurnbuU 
in  the  olden  time  had  contrived  to  place  the  ad- 
ministration of  the  town  aflairs  in  the  hands  of 
the  university  j  or>  in  the  word^  of  a  local  histbriaiiA 


"ih«  Wily  eeclesiastio  hikl  seized  ti]3on  ftDdd6-< 
«froyed  the  liberties  of  the  towB  of  Gldsgow/^ 
The  general  claim  to  do  as  they  pleased  in  the 
city,  it  is  trae^  had  been  abandoned^  bat  over  the 
area  occupied  by  their  buildings  and  gardens,  the 
power  of  the  college  council  remained  as  absolute 
as  ever.  Into  this,  as  an  asylum^  Watt  was  admit- 
ted ;  and  by  the  kind  offices  of  some  of  the  profes- 
sors, a  room  within  the  sacred  precincts  was  allot<^ 
ted  to  him,  in  t^hich  henceforth  he  could  trantocfr 
his  business^  without  even  a  fear  of  molestation 
from  the  sturdiest  deacon  of  the  corporation. 

It  was  here,  some  time  in  1769,  that  his  attention 
was  first  directed  to  the  stibject  of  steam-engines,^ 
by  a  student,  who  although  young,  wfts  distin- 
guished for  his  attainments  in  the  geometry  of  the 
arfcietits.  The  idea  of  applying  steam  to  mov^ 
carriages,  was  thrown  out  by  Mr.  Robison*,  but 

•  JoHK  RoBisoTsr,  LL.0.,  was  the  younger  son  of  a  mer- 
crhant  who  had  retired  from  business,  and  lived  at  Baldernock, 
Stirlingshire,  where  he  was  bora  in  1739.  He  was  intended 
for  the  church,  bat  in  the  course  of  his  studies  he  imbibed  an 
Utersion  to  it  as  a  profession.  He  accoinipaAied,  as  a  tutor, 
the  son  of  Admiral  Knowles,  in  the  expedition  which  oo-ope- 
rated  in  the  conquest  of  Quebec ;  and  on  some  promises  of 
promi)tion,  he  went  with  his  former  pupil  to  Ponftugal.  On 
his  return  to  England,  he  was  selected  by  the  BoaA  of  J/nL- 
gitud«  to  proceed  to  the  West  Indies,  to  observe  the  famotis 
time-keeper,  for  which  Harrison  claimed  the  national  reward 
of  twenty  thousand  pounds.  Being  disappointed  at  his  re- 
turn of  the  expecte<l  pursership,  he  retired  to  Glasgow, 
and  succeeded  Dr.  Black  a^  lecturer  on  chemistry.  Mis 
patron.  Admiral  Knowles,  having^  received  a  high  naval 
office  from  the  court  of  Russia,  Robison  accepted  of  his  inti- 
tation  to  accompany  hira;  and  act  as  his  secretary.  By  tUe 
admiral's  influence,  he  was  nominated  Inspectcr  of  Marine 
Cadets  at  Ctonstadt,  an  appointment  which  he  gave  up,  on 
being  elected  to  the  Professorship  of  Natural  Philosophy  in 
the  University  of  Edinburgh,  where  be  spent  the  remaining 
thirty  years  of  his  lif*,  and  eontinued  his  Kt^rary  labours 
wit)ke«t  istoniiissioii.    The  aMnt  important  of  these  was  a 
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he  soon  afterwards  leaving  college^  and  going  with 
the  expedition  which  reduced  C&Dada,tbe  scheme 
was  given  up.  After  an  interval  of  two  years, 
Watt  attempted  (1761-62)  some  experiments  with 
a  Papiu's  digester,  (figure  marked  Watt  L.)  and 
by  fixing  to  its  lid  a  brass  syringe,  having  a  solid 
piston,  he  formed  a  kind  of  steam-engine.  The 
vapour  from  the  boiler,  a,  was  admitted  to  the 
under  side  of  the  piston,  c,  by  a  cock,  o,  which 
also  opened  or  closed  the  communication  with 
the  atmosphere.  When  steam  flowed  from  the 
boiler  into  the  cylinder  the  piston  was  raised  up, 
and  lifted  a  weight, t,  with  which  it  was  loaded; 
and  the  steam  from  the  boiler  being  then  inter- 
rupted, and  a  communication  with  the  atmos* 
phere  opened,  the  piston  fell  to  the  bottom  of 
the  syringe*.  An  impression  of  danger  from  burst- 
ing the  boiler,  the  difficulty  which  it  was  ob- 
vious would  be  experienced  to  make  the  joints 
steam-tight,  and  a  waste  of  steam  taking  place^ 
from  no  vacuum  being  made  to  assist  the  rise  of 
the  piston,  made  him  not  only  relinquish  the 
thought  of  a  machine  on  this  principle,  but  to 
suspend  his  experiments. 

series  of  papers  which  have  been  lately  collected  into  four 
.volnoies,  under  the  title  of  Elements  of  Mechanical  Philoso- 
phy^ a  work  of  great  merit.  This  contains  an  excellent  his- 
tory of  the  steam-en flrine,  nearly  to  the  period  of  the  Doctor's 
.death  (1805),  to  which  Mr.  Watt  added  notc^  giving  a  nar- 
rative  of  the  steps  by  which  he  was  led  to^his  great  im- 
provements. 

"  Doctor  Robison's  person  is  described  as  handsome,  and 
his  countenance  as  prepossessing.  He  was  a  gopd  linguist,  an 
excellent  draughtsman,  and  an  accomplished  musician.  His 
conversation  was  always  energetic  and  interesting,  and 
sometimes  poeiical.  His  mind  was  imbued  with  the  genuine 
spirit  of  the  philosophy  he  taught,  and  nobly  elevated  above 
the  mean  jealpusies  of  rival  ambition." 

*  \l'.®  fi»'"*  is  copied  from  Leopold's  Theatram  Machina- 
ram.iig.  SJ7,  vol.  iii.,  publiglied  thirty-five  years  before  the 
trial  in  the  text. 
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At  the  lapse  of  other  two  years  the  subject  was 
again  presented  to  his  observation*  by  a  model  of 
an  engine  constructed  on  Newcomen's  principle^ 
which  Piofessor  Anderson*  had  sent  him  to  repair. 

•  John  Akdersoit,  A.M.,  F.R.S.,  F.A.S.,  a  distinguished 
Professor  of  Mechanical  Philosophy  in  the  University  of 
Olasgone,  was  bom  at  Roseneath,  JDiumbartonshire,  in  IvS^ 
His  father,  who  was  minister  of  the  parish,  died  while  he  was 
very  young,  but  he  was  brought  up  and  carefully  educated 
by  an  aunt.  In  1745,  when  Stirling  was  besieged  by  the 
Pretender,  he  acted  as  an  officer  in  toe  regiment  which  was 
formed  by  the  inhabitants  to  assist  in  its  defence ;  and  from 
this  circumstance  he  imbibed  a  strong  predilection  for  the 
military  art,  and  made  considerable  progress  in  the  study 
of  fortiiication.  He  planned  and  superintended  the  works 
erected  for  the  defence  of  the  town  of  Greenock  against 
the  French  sea-captain  Thurot.  "  He  invented  a  six- 
pounder  field-p'.ece,  the  recoil  of  which  was  stopped  by  the 
condensation  of  common  air  within  the  body  of  the  carriage ;" 
this  being  rejected  under  rather  unpleasant  circumstances  by 
the  Duke  of  Richmond,  then  Master-General  of  the  Ordnance, 
its  inventor  in  disgust  went  to  Paris,  and  presented  it  to  the 
National  Convention.  The  legislators,  with  more  tact  than 
"  the  patriotic  Duke,"  accepted  his  offering,  and  ordered  his 
model  to  be  hung  up  in  their  hall,  inscribed  as  "  the  gift  of 
science  to  liberty."  And  they  pleased  the  Professor  by  per- 
mitting him  to  make  ex]^eriments  with  it,  at  his  own  expense, 
in  the  neiehbourhood  ot  Paris.  During  his  residence  there, 
Louis  XV  I.  was  brought  from  Varennes,  and  the  Professor 
is  said  to  have  stood  on  the  altar  of  liberty  with  the  Bishop 
of  Paris,  and  sung  Te  Deum  when  the  unfortunate  king  took 
an  oath  to  the  constitution.  And  when  the  Emperor  of  Ger* 
many  established  a  line  of  troops  on  his  frontiers,  to  guard 
against  the  introduction  of  French  principles  and  newspapers, 
he  suggested  the  plan  of  making  small  balloons  of  paper,  var- 
nished with  boiled  oil,  and  filled  with  inflammable  air,  to 
which  the  dreaded  manifestoes  mirht  be  tied.  When  the  wind 
was  favourable  for  Germany,  these  revolutionary  heralds 
were  sent  off,  and  descending  in  that  country  were  picked  up 
by  the  people.  They  carried  a  small  fla^  or  streamer,  beai> 
ing  an  inscription  of  which  the  following  is  a  translation  :— 

"  O'er  hills  and  dales  and  lines  of  hostile  troops  I  float  mft> 
jestic. 
Bearing  the  laws  of  God  and  nature  to  oppressed  men. 
And  bidding  them  wi(b  jurms  thsir  ligUts  maiBtain*'* 
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At  this  time  he  knew  nothitig;  of  the  meebAntsm 
oioept  from  the  descriptions  given  by  Belidor  and 
I>esagQliers,  and  their  illustrations  were  in  many 
points  obsolete^  and  in  others  contradictory  and 
inconsistent. 

When  he  set,  however,  about  repairing  the 
models  as  a  mere  mechanician,  he  found  that  the 

In  turniiig  from  tliese  yafariear,  which  he  lived  lone  enongb 
to  regrett  be  is  oresented  to  us  in  the  character  of  a  warm 
and  disinterestea  loyer  of  his  couBtnr,  an  ornament  to  it  by 
his  talents  and  genius,  ana  entitled  to  its  grateful  remem- 
brance  for  beiuK  the  Jirtt  toko  afforded  the  means  0/  in- 
itruction  in  philosophy  to  Vie  working  classes.  He  visited 
workshops,  to  draw  from  meoliaaic  operations  illastrationa 
of  the  doctrines  he  taught  in  his  lectures  ;  and  he  invited 
artisans  to  attend  his  discourses,  to  hear  an  explaaation 
of  the  principles  on  which  their  manual  operations  depended. 
These  familiar  and  popular  lectures  he  delivered  twice  a 
week  during  the  college  session,  for  many  years  before  his 
death,  and  he  made  them  oermanent,  by  bequeathing  nearly 
txis  whole  fortune  for  the  endowment  oc  an  institution  m  which 
philosophy  was  to  be  taught  in  its  apjdication  to  the  arts,  in 
a  manner  adapted  to  the  comprehension  of  the  artisan.  This 
establishment  has  lately  ac^^uired  great  celebrity,  as  the 
parent  of  Mechanics'  Institutions.  Doctor  Garnett  was  the 
nrst  who,  under  the  founder's  will,  continued  his  lectures  for 
a  few  seasons.  Doctor  Birkbeck  next  gave  two  or  three 
courses  of  lectures,  but  to  l)octor  Ure  it  appears  is  mainly 
due  the  honour  of  giving  form  and  stability  to  the  institution ; 
who  has  through  good  and  adverse  times,  for  twenty  years, 
devoted  his  labours  to  promote  its  usefulness  and  prosperity. 
'*  Professor  Anderson  was  in  the  custom  of  delivering  his 
lectures  extempore,  a  practice  which  is  now  hiit  little  followed. 
As  a  popular  lecturer,  he  was  unrivalled.  His  manner  was 
easy  and  grae^ul,  his  command  of  language  unlimited,  and  the 
skill  and  success  with  which  his  manifold  experiments  were 
performed,  could  not  be  surpassed.  His  free  and  independent 
iKlind  was  exhibited  in  every  action  of  his  life;  and  enthusi- 
astic in  his  profession,  his  whole  ambition  and  happiness 
consisted  in  making  himself  useful  by  the  dis*seminatioA  of 
knowledge.  He  was  the  aafhor  of  som«  detached  works'  of 
merit,  and  of  numerous  papers  in  the  various  periodical 
wwks  of  tl»  tiiae.    lU  died  at  Glasgow  i*  i7d8.»--^^oow 
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boiler  (about  nine  inches  in  diameter)  dtfaoagh 
sufficiently  large  when  compared  with  those  used 
inpractice^  could  not  supply  steam  fast  enough  foe 
the  two-inch  cylinder  which  had  a  six-inch  stroke, 
and  although  the  vacuum  was  very  imperfect^  an 
enormous  quantity  of  injection- water  was  required 
to  produce  it.  He  rightly  attributed  this  to  the 
cylinder  of  the  model  exposing  a  greater  surface  in 
proportion  to  its  capacity  than  the  larger  cylinders, 
and  the  cylinder  of  brass  cooled  faster  than  the 
cast-iron  ones  of  working  engines.  Operating  witli 
a  still  more  imperfect  vacuum,  the  boiler  sup- 
plied  steam  to  move  the  piston  regularly,  and  the 
injection- water  required  was  moderate. 

Thinking  to  diminish  the  waste  of  steam  by 
using  a  material  which  would  cool  slower  than 
brass,  he  made  a  cylinder  of  wood*,  (six  inches 
diameter  and  twelve  inches  stroke^)  soaked  in  lin- 
seed oil  and  baked  to  dryness.  This  was  not  only 
objectionable  on  account  of  its  less  durability, 
but  it  condensed  more  steam  in  proportion  than 
working  engines.  In  fact,  the  cylinder  itself  heated 
the  water  which  it  contained,  and  produced  va- 
pour, which  in  part  resisted  the  pressure  of  the 
atmosphere,  and  thus  diminished  the  power  of  the 
engine.  A  better  vacuum  was  easily  produced,  by 

*  In  an  engine  Brindley  erected  at  Newcastle-under-Lyne, 
he  introdaced  wooden  cylinders,  maile  in  the  manner  of 
coopers'  ware,  instead  of  iron  ones,  as  beinff  cheaper  and  mure 
easily  managed  in  the  shafts.  He  also  substituted  wood  for 
iron  in  the  chains  which  worked  at  the  end  of  the  beam.  Ha 
had  formed  designs  of  other  improvements,  but  he  was  dis- 
couraged by  obstacles  thrown  in  his  way  from  proceeding 
with  them.  In  another  instance  he  surrounded  his  metal, 
cylinders  with  a  wooden  case,  and  the  interval  was  filled 
with  light  wood  ashes,  and  bv  this  and  using  no  more  injec- 
tion than  was  necessary  for  the  condensation,  lie  reduced  the 
waste  of  steam  to  almost  ontj-half.  Jifei*9  Cyclo,  yql,  i^^xiv. 
Art.  STKAx-£i(ai^£. 
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vsiii;  a  laiger  quantity  of  injection  water ;  but  then 
Ae  cylinder  by  thti  means  was  cooled  so  mnch,  a« 
to  require  steam  to  heat  it  a^in,  in  quantity  out 
•f  proportion  to  the  power  gained  by  the  more 
perfect  condensation ;  in  ordinary  cases  it  required 
a  quantity  of  steam  equal  to  several  times  the 
capacity  of  the  cylinder  to  heat  and  fill  it  every 
stroke;  he  saw  that  it  was  in  consequence  of 
these  effects  that  the  old  engineers  did  not  reduce 
the  internal  heat  of  their  cylinders  below  142"  or 
174^,  by  which  they  could  not  place  more  than  six 
or  seven  pounds  weight  on  each  inch  square  area 
of  their  pistons  *.   Suspecting  that  there  was  some 

*  The  flsme  tblnga  bad  oceurred  to  Smeaton  in  an  engine  he 
erected  for  the  Kew  River  Company,  in  1767* 

**  He  considered,  in  ealenlatingf  its  proportions,  that  the 
stoppafe  of  the  water  at  every  stroke,  as  well  as  patting 
the  lever-beam,  piston,  beav j-rods,  and  chains  from  a  state 
of  rest  into  motion  twice  at  every  stroke,  was  a  great  loss  of 
power  in  the  common  engines;  he  therefore  determined  to 
work  the  engine  slower,  and  with  larger  pumps,  and  to  pttt 
upon  the  piston  all  the  load  it  wonid  Dear.  To  rednoe  the 
v<elocity  of  the  oolnmn  of  water  still  more,  he  wonld  place 
the  falcnim  of  the  beam  oat  of  the  centre,  and  make  the 
stroke  of  the  piston  nine  feet,  whilst  the  pamp  which  lifted 
thirty-six  feet,  should  work  with  only  a  six  feet  stroke.  This 
arrangement  obliged  him  to  employ  a  long  narrow  cylinder 
of  only  eighteen  inches  diameter,  and  from  this  he  also  ez-> 
pectea  to  obtain  other  advantages,  vis.,  that  every  part  of 
the  steam,  being  nearer  the  surjMe  of  the  ci/lindert  wonld  be 
ON>rs  readUif  eondensedt  and  in  consequence  that  a  hts  quan- 
tity of  infection-'water  would  serve  the  cylinder,  which 
Wonld  itself  be  more  heated >  He  therefore  placed  a  load  of 
tea  and  one-third  pounds  on  each  inch  on  the  piston,  and  hav- 
ing once  seen  a  common  engine  struggle  unaer  this  harden, 
he  thought  himself  quite  secure  under  those  advantages; 
but  how  great  was  his  surprise  and  mortification  to  find,  that 
instead  of  requiring  less  injection* water,  it  required  more, 
and  that  two  men  were  obliged  to  assist  to  raise  additional 
injection-water  by  hand,  to  keep  the  engine  in  motion  at  the 
same  time  that  the  cylinder  wai  to  cold^  that  he  could  keep 
his  hand  upon  it,  and  bear  it  for  a  lensth  of  time  in  the  hot 
well.    He  tried  many  experiments,  without  say  good  effeet« 


error  in  the  usual  eBtlmate  of  the  expansioii  oC 
water  into  steam^  he  ascertained  by  a  tew  aim  pie. 
experiments,  that  a  measure  of  water  is  dilated  into 
eighteen  hundred  measures  of  steam,  capable  of 
resisting  the  pressui#  of  the  atmosphere*;  and 
that  when  water  boils  under  pressures  greater 
than  that  of  the  atmosphere^  if  the  temperaturet 
proceeded  in  an  arithmetical  ratio,  the  expansive 
power  of  the  vapour  increased  in  some  geometrin 
oal  one. 

During  these  experiments,  his  cqrioaity  had 
bean  excited  by  the  great  quantity  of  injection^ 
water  required  to  condense  the  steam;  pnd  also  by 
the  great  heat  the  water  acquired  by  the  conden** 

until  he  altered  the  fulcrum  of  the  beam  so  mnch  as  to  rv* 
dace  the  load  on  the  piston  to  eight  pounds  and  a  qnaorterj 
tiiough  this  shortened  the  stroke  at  the  pump,  and  the  ensiat 
went  so  much  quicker,  as  to  raise  more  water,  eonswoM  less 
coals,  take  less  injection<water,  the  cyUnder  became  hot, 
and  the  injection-crater  came  out  at  180^  Fahr.,  and  th^ 
engine  did  its  work  better  and  more  pleasantly.  This  at 
once  convinced  me,"  sajs  he,  **  that  a  considerabfe  degree  ef 
ecmdensation  o^  the  steam .  took  plaoe  in  the  ejUnder,  awl 
that  I  had  lost  more  this  way  by  the  coldness  of  the  cylin- 
der, than  I  had  gained  by  the  increase  of  load.  In  short,  thia 
single  alteration  seemed  to  have  unfettered  t^e  eBgi]ie.*Vif 
Reef's  Cyclop,  vol.  xxxiy.  Art  Stkam  Enoikx. 

^  *  Smeaton  weighed  a  Florence  flask  of  four  inchea 
diameter,  first  when  it  was  perfectly  dry  and  empty,  and 
afterwards  when  it  was  filled  with  water  {  then  pounng  out 
all  the  water  except  a  small  quantity,  he  put  uie  flask  am 
the  fire,  and  made  it  boil  until  the  last  drop  had  disappeavad* 
and  at  that  instant  he  closed  the  mouth  of  the  flask,  to  retail 
the  steam  which  was  in  it.  He  weighed  the  flask  to  aacev- 
tain  the  difference  of  weight  between  it  when  filled  witk 
water,  and  by  steam  %qual  to  the  pressure  of  the  atnk»* 
sphere^  deducting  the  weight  of  the  flask  from  each  expert* 
ment,  it  gave  the  proportion  of  the  quantity  of  water  oo»* 
verted  into  steam,  and  the  content  of  the  flask  gave  its  es^ 

pansios.    His  first  trial  made  it  nj^f ;  but,  suspecting  a 

BMrce  of  erwr,  he  leducsdhis  estfaaats  lo  iWiif ^/MA  Asi 

Stxam  Svomst  ^ 
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satioR.  By  meavs  of  a  glass  tube  inserted  into  the 
spoilt  of  a  tea-kettle,  he  allowed  the  steam  to  flow 
into  a  glass  filled  with  cold  water,  until  it  was  boil- 
ing hot.  The  water  was  then  found  to  have  gained 
nearly  a  sixth  part  by  the  sMam  which  had  been 
condensed  to  heat  it,  and  he  drew  the  conclusion, 
that  a  measure  of  water  converted  into  steam  can 
raise  about  six  measures  of  water  to  its  own  heat, 
or  eighteen  hundred  measures  of  steam  can  heat 
six  measures  of  water.  ''  Being  struck/*  says  he, 
"with  this  remarkable  fact,  and  not  understand, 
ing  the  reason  of  it,  I  mentioned  it  to  my  friand 
Dr.  Black*,  who  then  explained  to  me  his  doc- 
trine of  latent  heat,  which  he  had  taught  some  time 
before  this  period,  (summer  of  1764);  but  having 
been  occupied  with  the  pursuits  of  business,  if  I 
had  heard  of  it  I  had  not  attended  to  it,  when  I 
thus  stumbled  upon  one  of  the  material  facts  by 
vhich  that  beautiful  theory  is  supported." 

These  interesting  pursuits  were  not,  however, 
those  in  which  he  was  at  this  moment  most  deeply 
interested.  The  influence  of  a  tender  attachment 
drew  him  from  retirement,  and  for  a  time  from 
philosophy.    A  single  life,  and  a  college  room, 

•  *«  Dr.  Hobiflon,"  says  Mr.  "Watt,  "  qualifies  me  as  the 
pupil  and  intimate  friend  of  Br.  Black,  and  goes  the  length 
of  supposing  me  to  have  professed  to  owe  my  improvements 
upon  the  steam-engine  to  the  instruction  and  information  I  had 
sreceived  from  him,  which  certainly  was  a  misapprehension  ; 
lie  is  also  mistaken  in  his  assertion,  that  I  had  attended  two 
courses  of  the  Doctor's  lectures.  Unfortunately  for  me,  the 
necessary  avocations  of  my  busimss  prevented  me  from 
Attending  his,  or  any  other  lectures  at  college."  **  The  im- 
provements proceeded  upon  the  old  established  fact,  that 
ateam  was  condensed  by  the  contact  of  cpi^  bodies;  and  the 
later  known  one,  that  water  boiled  at  heits  below  100°,  and 
that  a  vacuum  could  not  be  obtained,  unless  the  cylinder 
And  its  contents,  were  cooled  ey&rj  stroke  to  below  that 
heat."— lio6won'«  Mech.  FhUos.,  vol.  ii.,  p.  6. 
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weie  now  exchanged  tos  the  tociei;  of  his  mster- 
sal  cousin,  and  a  shop  in  the  salt-market;  and  his 
wife  being  the  daughter  of  a  freeman,  the  oppoai- 
tion  he  expetieoced  el  his  outset  was  alao  at  an 
end.  His  civility  and  atteution  gained  him  friends, 
and  his  business  increasing,  he  was  soon  in  a  situa- 
tion to  requite  the  labours  of  ao  aisislSQI  and  ap- 
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"  WK  Ck9  KXVKB  X.OOK  ON  TBII  WOVDSItrUL  MACHIHE, 
WITHOUT  BKCALLIKO  TBS  CLASSICAL  TALKS  OT  THK  OIAHTB, 
AKD  BEALISIHO.  THX  VBATS  01  THX  80K8  0#  TXTAK>  AMD  TWLE 

LABOVBS  or  BKBCULB8."— JoMef  Bwxng. 


Iasbhiovm  as  Waif  8  «lp«riiiwtita  certainl]'  were, 
tftejf  ore  now  chiefly  to  ba  lemarlied  as  giving  ■ 
new  diiectitm  to  hit  rieirs  residing  (be  defects  of 
Newcoinen'i  engine.  Front  their  reanlls,  he  Mif 
that  in  order  to  make  (he  best  use  of  iteam,  it  ir>« 
aecessar;  that  the  cyfMder  ihould  altatyi  be  a$ 
holast/ltlleemwIileheilirredU.  And  Bl>o,tbattll 
the  water  that  was  formed  b]'  the  condeaaed  steam, 
and  the  Inject  ion -wai«  likewise,  should  be  cuoled 
down  to  100°,  or  lower  where  thai  was  posnble. 

In  looking  to  what  had  been  done,  or  SQg^sted 
bf  others,  he  had  little  to  gulds  him  in  this  in. 
qairj'.  A  rude  help  to  his  iDgenolty  niighl  Imt« 
been  deriied  from  some  of  the  moat  common  si* 
petliDenu  with  the  ain-punlp;  hot  at  Ibe  moment 
when  hit  saeacit;  had  pointed  out  (be  direEtioB 
of  the  path,  Ria  imaelnalion  did  not  enablo  hin  ta 
follbw  It. 


8S4        CONDBNSBR  INTBNTBD. 

Tenlj  spaik  of  geniiia  shoDe  with  brightneas  in  his 
mind,  the  idea  broke  in  upon  him/'  that  if  a  cotn" 
municaiion  were  opened  bettiDeen  a  cylinder  con'- 
tahwng  steam  and  another  vessel  which  was  ex^ 
hausted  of  air,  the  steam  would  immediately  rush 
into  the  empty  vessel,  and  if  that  were  kept  very 
cool,  by  an  injection  or  otherwite,  the  steam  would 
continue  to  enter  until  the  whole  was  condensed. 
And  if  an  air-tiffht  cover  were  placed  on  the 
cylinder,  steam  might  be  admitted  to  depress  the 
piston  into  a  vacuum  instead  of  the  atmosphei'e. 
Admirable  Invention! 

When  once  the  idea  of  separate  condensation  was 
slarted,  minor  improvements  followed  in  quick  suc- 
cession. He  imagined  that  the  orifice  for  the  piston- 
rod  could  be  kept  air-tight  by  means  of  a  stuffing- 
box  ;  and  as  it  was  obvious  water  could  not  be  intro- 
duced to  make  the  piston  steam-tight,  for  if  any  of  it 
found  its  way  into  a  hot  cylinder  it  would  be  con- 
verted iuto  vapour,  (as  in  some  of  his  experiments), 
he  should  employ  wax  and  tallow  as  lubricating^ 
substances.  He  also  thought  that,  by  surrounding 
his  cylinder  with  a  casing  of  some  substance 
which  would  prevent  its  heat  from  being  ab- 
stracted by  the  circumambient  air;  and  the  air 
which  was  disengaged  from  the  water,  or  found 
its  way  into  the  cylinder^  he  could  extract  by  a 
pump,  and  by  the  same  means  he  might  employ 
the  condedsing  vessel  of  the  water  which  was  pro-* 
duced  by  the  injection  and  the  condensation  of  the 
steam,  or  he  would  allow  it  to  fall  through  a  pipe 
thirty-four  feet  long  into  a  pump  or  well,  as  prac- 
tised by  Newcomen  and  others.  Thus,  step  by  step^ 
in  the  course  of  one  or  two  days,  in  the  eye  of  his 
mind,  the  exquisite  conception  was  complete  *. 


#  *« 


^^ut  tl^e  fifl^s  t)u^  Mr. Watt  was  wgsgei.  in  brisfiag 


HORNBLOWER^a  Ctti^ROE.  2^5 

'  Hastening  to.  submit  his  ideal  mechanism  to  the 
ordeal  of  expeiiment,  he  enclosed^  by  pieces  of 

forward  the  improvement  of  the  engine,  it  occurred  to  Mr. 
Oainsborongh,  tne  pastor  of  a  dissenting  congregation  at  Hen- 
ley-npon-Thames,  and  brother  to  the  painter  of  that  name, 
that  it  would  be  a  great  improvement  to  condense  the  steam 
in  a  vessel  distinct  from  the  cylinder,  where  the  vacuum  wag 
formed,  and  he  undertook  a  set  of  experiments  to  apply  the 
principle  he  had  established,  which  be  did  by  placing  a  small 
▼ftjsel  by  the  side  of  the  cylinder,  which  was  to  receive  just 
80  much  steam  from  the  boiler  as  would  discharge  the  air 
and  condensing  water,  in  the  same  manner  as  was  the  prac- 
tice from  the  cylinder  itself,  in  the  Newcomenian  method,  that 
IS  by  the  snifting  valve  and  sinking  pipe.    In  this  manner 
he  used  no  more  steam  than  was  just  necessary  for  that  par- 
ticular purpose,  which  at  the  instant  of  discharging,  was  en- 
tirely unoommunicated  with  the  main  cylinder,  so  that  the 
cylinder  was  kept  constantly  as  hot  as  the  steam  could 
make  it.    Whether  he  closed  the  cylinder  as  Mr.  Watt  does, 
is  uncertain ;  but  his  model  succeeded  so  well,  as  to  induce 
some  of  the  Cornish  adventurers  to  send  their  engineers  to 
examine  it ;  and  their  rej^ort  was  so  favourable,  as  to  induce 
an  intention  of  adopting  it.    This,  however,  was  soon  after 
Mr.  Watt  had  his  act  of  parliament  passed  for  the  extension 
of  his  term ;  and  he  had  about  the  same  time  made  proposals 
to  the  Cornish  gentlemen  to  send  his  engine  into  that  country. 
This  necessarilv  brought  on  a  competition,  in  which  Mr. 
Watt  succeeded ;  but  it  was  asserted  by  Mr.  Gainsborough, 
that  the  mode  of  condensing  out  of  the  cylinder  was  com- 
municated to  Mr.  Watt  by  the  officious  folly  of  an  acquaint- 
ance, who  was  fully  informed  of  what  Mr.  trainsborough  had 
in  hand.    This  circumstance,  as  here  related,  receives  some 
confirmation  by  a  declaration   of  Mr.   Gainsborough  the 
painter,  to  Mr.  T.  More,  late  secretary  to  the  Society  for 
the  Encouragement  of  the  Arts,  who  gave  the  writer  ot  this 
article  the  information;  and  it  is  well  known  that  Mr. 
Gainsborough  opposed  the  petition  to  parliament  through  the 
interest  of   General  Conway."— J?om6fowcr,  t»  Oregory's 
Mechanics^  p.  362,  vol.  ii.,  first  edition.    On  tliis  statement, 
a  writer  in  the  Edinburgh  Review  observes,  "  We  believe 
and  hope,  for  the  sake  of  the  memory  of  a  very  respectable 
man,  that  the  conversation  is  not  accurately  represented. — 
It  remains  upon  record  that  Mr.  T.  More  was  examined  as 
a  witness  on  the  trial  of  a  cause  of  Bolton  versu$  Bull,  in 
1792,  at  which  time  Mr.  Horublower  himself  was  also  exa-  - 
nuned  As  »  witness,  but  on  the  opposite  side  from  Mi,  More. 


sM  Ffiiritdfifit. 

tin-plltte,  the  cfnds  of  the  brasii  6yUitd«rj  d,  of  a 
syrioge  oDe  tnd  three*quartetti  inch  in  diameter^ 
and  ten  inches  long.  A  valve  was  fixed  at  the 
lower  orifice  of  a  longitudinal  perforation  made. 
throQgh  the  axis  of  the  piston-stem,  b,  which  waa 
placed  to  move  downwards.  Two  tin-plate  pipes^ 
d,  df  about  one-sixth  of  an  inch  in  diameter  and 
ten  inches  long,  placed  perpendicularly,  commu- 
nicated at  top  with  a  short  horizontal  pipe,  e,  of 
lai^e  diameter,  shut  at  its  upper  end,  having  a 
valve,  if  opening  upwards;  these  pipes  were  con- 
nected at  bottom  with  another  perpendicular  pipe^ 

Mr.  More,  on  this  occasion,  was  as^ed,  wbetlier  be  bad  read 
the  specification  of  Mr.  Watt's  invention,  and  whether,  in  his 
opinion,  it  contained  a  disclosure  of  the  principles  of  the 
Bteam-enc^ine  ?  To  this  question  he  answered,  *  I  am  fully  of 
opinion  that  it  contains  the  principles  entirely,  clearly,  and 
demonstratively.*  He  was  then  asked,  •  Did  yon  ever  meet 
with  the  application  of  these  principles  before  you  knew  of 
Mr.  Watt's  engine  ?'  his  answer  was,  *  I  do  declare  I  never 
saw  the  principles  laid  down  in  Mr,  Watt's  specification, 
either  applied  to  the  steam-engine  previous  to  his  taking  it 
np,  or  ever  read  of  any  such  thing  whatever.*  It  is  not 
easy  to  reconcile  these  two  answers  given  by  that  gentleman 
on  his  oath,  with  the  words  that  Air.  Hornblower  has  put 
into  his  mouth.  Mr.  Gainsborough's  idea,  whatever  it  was, 
was  posterior  by  more  than  twenty  years."  (?)  p.  328,  vol. 
xiii.  We  know  not  if  the  claim  which  is  put  forth  in  the 
above  eictract,  is  the  same  as  that  alluded  to  by  the  late 
venerable  Professor  Jardine.  **  I  happened,"  says  he,  "  to 
be  tutor  to  Dr.  Roebuck's  sons  at  that  time  (when  Watt 
Was  at  Kinneil) ;  I  had  then  the  pleasure  of  seeing  the  experi- 
ments on  a  great  scale,  which  were  carrying  on.  This  acci- 
dental circumstancfe,  and  this  opportunity,  connected  me  so 
much  with  what  was  going  on,  that  when  they  were  com- 
pleted, I  was  asked  by  Mr.  Watt  to  go  with  him  to  Berttriek, 
when  he  went  to  give  in  a  spedification  of  his  invention 
before  a  Master  in  Chancery,  previous  to  the  obtaining  of 
a  patent.  And  many  years  afterwards,  when  a  grounoless 
!ind  frivolous  charge  was  brought  against  Mr.  Witt,  bv  d 
pBrson  who  claimed  a  share  in  the  invenHon,  I  was  callea  ttt 
give  evidence  of  what  I  knew  of  this  in  Chancery.  It  iS 
nfeedless  to  add,  Mr.  Watt-  Was  txlninpbaitllf  victoMotis.'* 


VIRST  If  ODBl,  3^ 

Of  about  aD  inch  in  diameter^  and  ten  inches  long; 
this  was  furnished  with  a  piston^  x,  and  served  fot 
a  pump;  a  pipe,  8,  conveyed  steam  from  a  boiler 
to  the  top  and  bottom  of  the  cylinder. — (Engrav* 
iBg  marked  Watt  h,,  fig.  2.) 

Having  placed  the  pistons  at  the  bottoms  of 
their  respective  vessels,  he  admitted  the  steam 
from  the  boiler  to  flow  into  the  cylinder  until  it 
escaped  through  the  perforation  in  the  stem,  and 
through  the  valve  into  the  condenser.  When  he 
thought  all  the  air  was  expelled  from  these  ves- 
sels, he  shut  the  steam-cock,  and  drew  up  the  pis- 
ton in  the  small  pump;  the  steam  rushed  into 
them  was  condensed,  and  a  vacuum  being  thus 
produced  above  the  piston,  and  its  under  side 
being  open  to  the  boiler,  the  piston  in  the  cylio" 
der  rose  and  lifted  a  weight  of  eighteen  poynda 
which  was  hung  to  the  lower  end  of  its  rod.  He 
again  shut  the  exhaustion-cock,  and  admitted 
steam>  and  the  operation  was  repeated ;  and  thus 
a  hot  cylinder  and  a  perfect  vacttum,  which  all 
previous  engineers  had  wished  for,  sought  for, 
but  abandoned  as  hopeless,  were  produced  by 
means  almost  rivalling  those  of  nature  herself,  in 
their  simplicity. 

So  favourable  a  result,  with  such  an  imperfect 
apparatus,  gave  him  confidence  to  attempt  a 
second  experiment.  He  knew  the  varying  and 
often  most  contradictory  results  from  an  engine  on 
the  scale  of  a  model,  and  one  of  dimensions 
adapted  to  practice;  and  although  in  his  experi- 
ments the  smallness  of  his  cylinders  gave  a  great 
advantage  to  those  of  large  proportions,  yet  other 
parts  of  his  mechanism  might  be  differently  ef- 
fected. A  large  model,  however,  required  a  large 
loom,  and  his  usual  place  of  business  offered  no 
<;onveoiepce  of  constructing  a  machine  of  any 


iAftgnitttde,  and  yet  eonceal  iti  partly  and  preaenrcf 
the  secTet  of  its  principle. 

He  bad  assiBtCMl  one  of  b\»  friends  in  establishing^ 
a  small  pottery  at  a  short  distance  from  the  town, 
and  held  a  share  in  its  property.   He  aDpropriated 
one  of  the  rooms  of  this  ''Delft  Work"  to  his  pur- 
pose, and,  assisted  by  his  ingenious  apprentice, 
John  Gardiner,  he  began  the  construction  of  his 
second  model  on  a  scale  of  some  magnitude.   The 
cylinder  had  a  diameter  of  nine  inches,  and  was 
enclosed  by  a  casing  of  wood,  and  its  piston-rod 
tras  attached  to  a  balanced  l^ver.    An.  accident 
terminated  his  operations  with  this  engine;  the 
beam  broke,  and  neither  his  leisure  nor  his  meanat 
enabling  him  to  repair  the  damage,  the  model  waa 
thrown  aside,  and  his  project  was  suspended.    He 
states,  however,  in  his  narrative,  that  the  saving; 
of  steam,  and  the  increase  of  power  which  it  indi-** 
cated,  satisfied  his  expectations. 

His  practice  as  a  land-surveyor,  to  which  he  wad 
devoting  himself,  introduced  him  to  employment 
as  an  engineer.  He  made  various  surveys  for  lines 
of  canal,  and  he  was  intrusted  with  the  superin- 
tendence of  a  short  one,  which  was  formed  be- 
tween the  Monkland  collieries  and  Glasgow.  But 
whether  it  was  from  a  wish  not  to  interfere  with 
those  arrangements  to  which  he  had  pledged  his 
time,  or  the  fear  of  the  opposition  which  he  might 
encounter,  or  a  diffidence  in  the  project,  or  himself, 
that  for  thtee  or  four  years  prevented  a  disclosure 
of  his  discovery,  even  to  his  friends,  is  notknown; 
but  he  seems  to  have  felt  that  a  fkir  trial  could 
only  be  given  to  his  invention  by  the  erection  of 
an  engine  on  a  large  scale,  and,  above  all  other 
mechanisms,  the  steam-engine,  in  its  simplest 
form,  was  one  of  the  most  costly ;  and  who,  in  this 
community,  could  he  hope  to  induce  to  ha«Ud 


Mine  thoaiandi  of  ponnda  on  the  chance  of  a 
mere  eiperiment,  with  a  machine  Lhea  little 
med,  and  leu  underUood  in  tiii  aeighbouihood  > 
for,  it  should  not  be  forgotlen,  Ihal  tbe  gj'ileni 
of  commerciBi  adventure  was  very  different  then 
from  what  it  is  now.  Pedlars  who  at  this  lime 
were  gathered  to  their  fathers,  slept  in  dignity, 
nith  "  merchant"  ioicribed  on  their  tomb  iloQei, 
and  their  higgling  spirit  was  inherited  by  theit 
children.  Some  smalt  fortunes  had  been  made 
in  the  foreign  trade,  few  had  beeh  cisbed  In 
any  ;  and  a  aolitaiy  instance  was  all  that  could  be 
held  ap  aa  a  stimulus  to  cicite  tbe  hope  of  a 
fortune  being  lealized  by  H  manufacturing  spe- 
culation. 


CHAPTER  ELEVENTH. 


**  TO  xzTzirr  and  vasistt  or  xnowlxdoX  was  lonrso  a 

KIHDNX88  AND  LIBEBALITT  WHICH  MADI  THAT  KNOWX.EDOX 
THX  PKOPXSTT  «P  THS  PUBLIC,  AND  AVAILABUC  ON  ALL 
OCCASIONS  TO  TBS  ADVANCEMENT  OF  THE  AST8  AND  MANV' 

7ACTU&XS  OF  HIS  covvTRY, "-'Kirliman  Finloj/. 


While  Watt  had  been  silently  employed  In  im- 
bodjiDff  hi*  ideae,  the  atteatian  of  iha  inhsbit- 
■nu  of  Ihe  welt  or  Scotland  was  liied  on  llw 
OfieratloDs  of  an  English  pfajBiciao,  a  man  of 
original  and  apleodid  entefpriae,  who  had  becoma 
CelebfBtedai  a  piojeoloi  of  rare  and  excellent  for- 
tnne  <i\  aome  appstenilj'  even  QDprapilioufl  ape' 
CUlHtioUa. 

Docloi  John  Roebuck  wai  a  oalive  of  Sheffield, 
in  which  town  hia  falher  wai  a  mannfactDmr  in 
eaij;  circumstances.  Having  the  choice  of  a  |ko- 
feiaion  left  to  bimielf,  be  began  the  itudy  ofmedi- 
tine  at  Edinbucgh,  and  became  an  expert  chemical 
roanipulBlor.  Al  Leyden,  where  he  completed  hit 
itudiea,  he  took  hia  degree,  and  on  bis  return  to 
Gnglaod,  be  practised  aa  a  physician  at  Binning* 
bam.  The  avocationa  of  an  eniensive  praclice 
were  not,  however,  ao  exclusive  aa  to  engage  his 
whole  attention,  and  he  rcaumed  with  ardour 
hi*  sbamiaal  iniauiw.    la  caojuiMtioa  with  ■ 
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friend,  he  floon  aftenraidt  erected  an  entensive 
laboratory,  and  there  he  applied  on  the  great  scale, 
for  the  purposes  of  the  manufacturer,  some  of  the 
economical  processes  to  which  his  experiments 
had  directed  him.  The  result  of  his  researches 
on  sulphuric  acid,  then  of  a  high  price,  led  to  an 
entire  revolution  in  the  value  and  preparation  of 
this  substance.  From  its  manufacture,  which  was 
long  conducted  with  impeuetrabie  secresy,  at 
Prestonpans,  the  golden  harvest  which  he  reaped 
was  so  ample,  that  he  abandoned  the  practice  of 
the  healing  art  as  a  profession*. 

*  JoHK  RoKBTTCK,  M.D.  F.R.S.,  wss  bora  in  1718.    After 
leaving;  the  rrammar-school  of  Sheffield,  he  was  ylaced  nnder 
the  tnition  of  Dr.  Doddridge  at  Northampton,  where  he  laid 
the  foundation  of  that  classical  knowledge  for  which  he  was 
afterwards  ranch  distinguished.    With  his  fellow  students, 
Jeremiah  D/iton,  afterwards  well  known  in  the  political 
world,  and  Akenside,  the  poet,  he  contracted  friendships 
which  continued    during    their  lives.      At  Edinburgh  he 
displayed  great  logical  and  physical  acnteness,  and  was 
noted  for  ingenuity  and  resource  in  debate.      The  ss^- 
cious  Porterfield  observed  and  encouraged  his  rising  genius, 
and  here  he  formed  friendships  with  Hume  and  Robertson, 
the  historians.    He  left  Edinburgh  in  1744,  and  studied  at 
Leyden  the  usual  time  for  his  degree ;  on  his  return  he  settled 
at  Birmingham.  His  education,  talents,  and  interesting  man- 
ners, were  well  calculated  to  promote  his  success  as  a  phy* 
sician,  and  he  met  there  with  great  encouragement,  and  was 
soon  distinguished  in  that  town  and  the  country^  adjacent, 
for  his  skill,  integrity,  and  charitable  compassion  in  the 
discharge  of  the  duties  of  his  profession.    In  his  manufac- 
turing laboratory  he  practised  certain  methods  of  refining 
gold  and  silver,  and  particularly  an  ingenious  method  of 
collecting  the  smaller  particles  of  these  precious  metals, 
which  had  been  formerly  lost  in  the  practical  operations  of 
many  of  the  manufacturers.    In  1747  he  married  Miss  Ann 
Roe,  of  Sheffield,  a  woman  of  a  great  and  generous  spirit, 
whose  temper  and  disposition  equally  fitted  her  for  enjoying 
the  prosperous  circumstances  of  their  early  life,  and  for  bear- 
ing her  share  in  those  anxieties  and  disappointments  which 
shaded  the  latterperiods  of  their  lives.    A  Dr.  Ward  was  the 
first  in  £n|^Mid  vap  estaUished  a  pra&tsble  nuuu^actvre  of 
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Tlie  banlki  of  the  little  tWet  which  (birtnedl  the 
niOit  iiorUiern  houtidaiy  of  the  Roman  empire  in 

oil  of  Titrioli  bat  from  the  great  expense  of  glass  vesselSf 

and  the  frequent  accidents  to  whicn  they  were  liable  in 

tbe  process,  tne  acid  was  high  in  price.    Roebuck  substituted 

Iradeii  Tefisels  of  great  size,  for  the  glass  ones,  and  bf 

this  and  other  improveraents  reduced  its  price  from  sixteeti 

pence  to  foar  pence  a  pound.    This  was  one  of  the  most 

lucrative  establishments  of  the  time  ;  but,  instead  of  taking 

<fnt  a  patent,  he  chose  the  better  plan  of  conducting  the  pro* 

eets  in  great  seeresy,  which  was  persevered  in  successf uUj 

fpr  a  great  many  years.    Carron  was  his  greatest  work ;  and 

he  was  the  first,  who  by  means  of  pit-coal  refined  crude  or 

pig-iron  to  make  bar  iron  of  it,  instead  of  doing  it  by  char- 

doali  as  formerly  practised.    The  best  and  certain  proof  of 

bis  judgment  and  science*  is  the  prosperous  state  of  these 

works,  and  their  having  served  as  a  model  to  others  of 

great  magnitude  in  different  parts  of  Scotland,  which  may  be 

said  to  have  sprung  from  this  as  a  parent.    It  is  painful  to 

rettftee  the  nnnappy  conseqtlences  of  his  ruinous  speculation 

ib  the  coal  and  salt  works  at  Kinneil.    The  result  was,  that 

after  many  years  of  labour  and  industry,  he  sunk  not  only 

his  own,  but  the  considerable  fortune  brought  to  him  by  his 

Wife,  the  prt^te  add  property  in  all  his  speculations,  and 

what  distressed  him  most,  great  sums  borrowed  from  his  rela* 

tions  and  friends  which  lie  never  was  able  to  i'epay.    During 

the  last  twenty  years  of  his  lifb,  he  was  subjected  to  a  colt' 

stant  saceession  of  hopes  and  disappointments,  and  to  a 

course  of  labour  and  drudgery.    As  the  price  of  so  many 

ftaorifices  he  was  only  enabled  to  draw  from  his  colliery, 

(and  that  by  the  indtUgenoe  of  his  creditors,)  a  moderate 

annual  maintenance  durinr  his  life.    At  his  death,  his  widow 

and  family  were  left  witnout  any  provision  whatever  for 

their  immediate  or  ftiture  support,  and  without  the  smallest 

advantage  ft-om  the  extraordinary  exertions  and  meritorious 

industry  of  her  htisband. 

These  works,  of  no  advantage  to  himself,  and  which 
vttined  his  fomily,  were  attended  with  the  most  beneficial 
effects  upon  the  trade,  population,  and  industry  of  Scotland. 
At  his  death,  not  less  than  four  thousand  persons  were  directly 
employed  in  establishments  which  he  founded,  and  their  wages 
alone  amounted  to  about  eighty  thousand  pounds  per  annum. 
Had  each  of  those  persons  allowed  their  common  oenefactor, 
in  his  old  age,  eighteeh  pence  per  annum  only,  he  would  have 
received  more  than  he  did  from  the  compassion  of  his  ore- 
diton.    But  it  was  not  solely  by  his  inaividaal  establish- 

y3 
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Britain,  and  the  icene  of  many  memoiable  eytaia 
in  Scottish  history,  a  bleak  and  steril  trac^  was 
chosen  as  the  site  of  a  stupendous  experi- 
ment.  It  offered  an  abundant  supply  of  water  to 
impel  machinery ;  in  its  neighbourhood  were  in- 
exhaustible mines  of  coal^  and  quarries  of  iron- 
stone, and  lime ;  and  its  position  on  the  strip  of 
land  that  separates  the  estuaries  of  the  Forth  and 
Clyde,  opened  an  easy  water*communication  to 
every  market  on  the  Gernuui  and  Atlantic  oceans. 
Here,  by  the  assistance  of  a  little  band  of  relationa 
and  friends,  who  intrusted  their  fortunes  to  his 
judgment  and  honour,  he  began  his  operations 
on  a  scale  of  magnitude,  at  that  time  unknown 
in  commercial  adventure.     The  Carron  Works 

ments  that  his  services  to  the  country  should  he  estimsc 
ted,  bat  other  things  necessariljr  connected  with  them;  and 
atnoD^  others,  by  creating  a  spirit  of  enterprise  and  industry 
before  his  time  not  known  in  Scotland,  which  soon  pervadea 
other  departments  of  labour,  and  ga?e  birth  to  many  other 
useful  projects. 

The  taste  for  classical  studies  which  he  carried  with  him 
and  improved  in  every  period  and  every  situation,  became  his 
favourite  resource,  and  one  of  the  chief  enjoyments  of  hi« 
life.  Possessing  the  happy  talent  of  turning  his  mind  from 
serious  and  fatiguing  to  elegant  and  recreating  pursuits,  he 
returned  from  the  laboratory  or  coal  pit,  and  drew  relazati<m 
and  solace  from  the  stores  of  classical  learning.  The  amia- 
ble disposition  of  sensibility,  humanity,  and  generosity,  which 
strongly  marked  his  character  in  tlie  general  intercourse  of 
society,  were  peculiarly  preserved  and  exercised  in  the  bosom 
of  his  family,  and  in  the  circle  of  his  friends.  In  the  various 
relations  of  husband,  father,  friend,  or  master,  it  would  not 
be  easy  to  do  justice  to  bis  character,  or  to  determine  in  which 
of  them  he  most  excelled.  Kor  must  it  be  forgot,  for  it  re- 
flected much  honour  on  his  benevolent  heart,  that  his  work- 
men not  only  foand  him  at  all  times  a  kind  and  indulgent 
master,  but  a  skilful  and  compassionate  physician,  who 
cheerfully  visited  the  humblest  abodes  of  poverty,  and  who 
attached  them  to  his  service  by  multiplied  acts  of  kindnet^ 
Jind  generosity.— J^cptotr  b^/  Jardiw. 
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appeared  like  the  immense  arsenal  of  a  great 
nation^  rather  than  a  manufactory  erected  by  a  few 
individuals  in  the  prosecution  of  an  experiment  to 
introduce  an  improvement  into  the  smelting  of 
iron. 

The  successful  termination  of  this  undertaking 
left  him  to  seek  a  fresh  field  for  his  exertions ; 
and  if  the  one  which  quickly  presented  itself  was 
pregnant  with  danger  and  surrounded  with  difficul- 
ties«  it  held  out  a  more  splendid  reward  than  any. 
even  .of  those  in  which  he  had  so  triumphantly 
succeeded. 

The  estate  of  Kinneil^  a  few  miles  from  Carron^ 
contained  extensive  beds  of  coal,  in  which  mines 
had  been  sunk,  and  worlied  for  generations ;  but 
they  had  seldom  produced  any  thing  to  the  noble 
house  of  Hamilton,  who  were  lords  of  the  domain; 
and  the  adventurers  who  from  time  to  time  at- 
tempted to  explore  them,  had  as  often  desisted 
from  the  undertaking  with  loss.  Roebuck  was 
8atis6ed  that  the  quality  of  the  coal  was  superior 
to  any  in  the  district;  he  knew  how  much  success  in 
projects  of  this  kind  depended  on  the  possession 
of  ample  means ;  and  his  inimitable  tact  of  operat- 
ing on  a  vigorous  and  steady  system,  was  almost 
in  itself  sufficient  to  inspire  him  with  more  than 
his  usual  confidence  of  good-fortune  in  an  enter- 
prise in  which  he  traced  the  failure  of  others  who 
had  preceded  him,  to  their  not  possessing  his  ac- 
cidental advantages.  His  presence  at  Kinneil,  to 
which  he  removed  from  Carron,  quickly  infused  a 
.new  spirit  into  every  thing  around  him. 

Watt,  who  had  become  known  to  Roebuck  as  a 
surveyor,  appears  to  have  reserved  his  invention 
for  his  patronage — to  have  looked  to  him  as 
the  only  person  whose  experience  enabled  him 
to  judge  9f.the  value  of  his  imprpveiaejDt— 'W)i9 
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kMW  the  Impottance  of  the  mefchaiiUni  H  WM 
niade  upon — ^who  had  the  meatis^  and  wanted  not 
the  spirit  to  eipend  them  in  bringing  his  inven- 
tion, if  it  were  pmcticable,  U>  a  bearing.  Roe- 
buck consented  to  be  at  the  expense  of  ^n  experi« 
ihental  machine^  on  a  iaige  scale,  and  Watt  ac- 
cepted of  his  inyitation  to  construct  it  under  hill 
inspection. 

In  the  winter  of  1768>  in  one  of  the  out-housea 
of  the  mansion,  Watt,  with  Gardiner  his  assistant^ 
began  the  formation  of  his  third  model.  In 
this  the  cylinder  was  eighteen  inches  in  diameter^ 
and  formed  of  block>tin.  As  might  be  expected^ 
the  greatest  difficulty  he  experienced  was  the 
packing  of  the  piston,  so  as  to  be  steam  tight,  aa 
it  did  not  admit  of  water  laying  upon  it  as  in  the 
old  engines.  The  condensation  of  the  steam  was 
produced  by  a  jet  of  cold  water  in  the  eduction 
pipe.  The  cocks  and  sliding  vaWes  by  which  he 
regulated  the  steam  and  injection,  were  eon* 
structed  in  the  same  manner  as  those  employed  by 
Newcomen's  and  Savery's. 

During  the  eight  months  Which  its  ingenious 
Inyehtor  devoted  to  its  erection,  it  was  success 
sively  altered  and  improved,  until  it  was  brought 
to  a  considerable  degree  of  perfection.  Add  it 
cannot  be  a  matter  of  surprise,  that  owing  to  Itb 
imperfect  workmanship — ^to  the  material  of.whleh 
the  cylinder  was  formed — to  the  want  of  experi- 
tence  in  the  proportions  of  the  parts — and  to  its 
leaks-^that  the  vataum  of  the  engine,  on  which 
depended  its  power,  should  be  very  imperfoct  This 
however  was  not  attributed  to  the  right  cause,  but 
to  the  air  which  was  introduced  into  Ihe  internal 
parts  by  the  injection  water* 

Upon  trial  at  a  coal  mine  a  few  hundred  yards 
<fh)m  Kiuneil)  notwitfastandUlg  iw  inipeHiectiofls^ 
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Watt  had  the  gratification  of  seeing  his  labour  re- 
warded by  the  engine  operating  as  he  had  antici- 
pated. With  all  its  faults,  when  compared  with 
the  common  engines,  the  economy  of  fuel  was 
prodigious ;  and  what  was  then  considered  to  be 
almost  as  great  a  point  gained,  the  economy  of 
water  for  condensation  was  not  to  be  compared 
with  that  in  the  common  ones.  But  above  all  it  was 
important  to  Watt,  as  his  patron  was  satisfied ;  and 
becoming  a  partner  in  the  invention,  he  supplied 
the  necessary  funds  to  procure  a  patent,'' for  a 
saving  of  fuel  in  Fire  Engines,"  and  thus  placed 
the  invention  beyond  the  reach  of  piracy.  No 
drawing,  however,  accompanied  the  brief  and 
vague  description,  which  appears  to  have  been 
drawn  up  from  the  experience  gained  in  these 
experiments ;  and  its  distinguished  author  closed 
his  career  without  giving  to  the  public  any  details 
either  of  its  subordinate  mechanism  or  arrange* 
ment. 

From  this  document  we  only  learn,  that ''  during 
the  entire  time  the  engine  is  kept  at  work,  the 
cylinder  is  to  be  kept  as  hot  as  the  steam  which 
enters  it,  by  a  casing  of  wood,  or  by  surrounding 
it  by  steam ;  and  as  a  general  rule  not  to  suffer 
any  substance  colder  than  the  air  to  touch  it.  In 
engines  which  were  to  be  moved  wholly  or  par* 
tially  by  the  condensation  of  the  steam,  the  steam 
is  to  be  condensed  in  vessels  distinct  from  the 
cylinder,  though  occasionally  communicating  with 
it,  and  these  which  he  called  the  condenser^  ia 
always  to  be  kept  as  cold,  at  least,  as  the  air  in 
its  neighbourhood,  by  water  or  other  cold  bodies," 
and  that  the  expansive  power  of  the  steam  is  to 
be  used  to  press  on  the  piston,  in  the  same  man- 
ner as  the  pressure  of  the  atmosphere  in  Newco- 
men's  engioe*   And  he  abo  saidj  '/  tb^t  in  other 
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cBtei  h«  Intended  to  apply  a  degree  of  60ld  to  tho 
Bteam,  not  capable  of  redaciDg^  it  to  water,  hat 
of  eontnwting  it  considerably^  so  that  the  eogitm 
shall  bo  worked  by  the  alternate  contraction  and 
expansion  of  the  steam."  But  this  exorescenoa 
Appears  to  have  been  a  mere  thought^  inttodaeed 
probably  to  prerent  an  evasion. 

Three  other  methods  of  employing  steam  am 
Ifiven  in  the  same  description.  The  first  seems  to 
Ikave  been  sttggested  by  his  eiperiment  with 
Bapin's  digester.  And  he  merely  says  the  vapour 
'*  which  is  to  act  on  a  piston^  is  to  be  disehaiged 
into  the  open  air  after  it  has  done  its  office."  No 
mechanism  or  farther  description  is  referred  to. 
His  scheme  for  procuring  a  rotary  motion,  aU 
though  of  the  least  value,  is  described  with  the 
greatest  minuteness.  This  was  a  steam  wheel  in 
the  "  form  of  hollow  rings  or  circular  channels^ 
with  t>roper  inlets  and  outlets  for  the  steam, 
mounted  on  horizontal  axles  like  the  wheels  of  * 
water  mill.  Within  them  were  placed  a  number 
of  valves,  that  suffer  any  body  to  go  round  the 
channel  in  one  direction  only;  in  these  steam 
vessels  were  placed  weights,  so  fitted  to  them,  as 
entirely  to  fill  up  a  part  or  portion  of  their  chan«< 
nels,  yet  rendered  capable  of  moving  freely  in 
them.  When  the  steam  is  admitted  between  theso 
Weights  and  the  valves.  If  acts  equally  on  both, 
so  as  to  raise  the  weight  to  one  side  of  the  wheei^ 
and  by  the  reaction  on  the  valves  successively 
gives  a  circular  motion  to  the  wheel,  as  tho 
valves  open  in  the  direction  in  which  the  weights 
dre  pressed,  but  not  in  the  contrary.  As  the 
wheel  moves  round/it  is  supplied  with  steam  from 
the  boiler,  and  the  vapour  which  has  performed 
its  office,  may  either  be  discharged  by  m^ans  of 
oondeusersj  or  into  (he  open  nir.''   Of  this  meeha* 
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niim^  no  drawings  or  further  de^ciiption  "were 
given,  but  a  referencis  to  Amonton's  wheel  will 
readily  explain  its  construction;  the  ideas  are 
nearly  the  same  *, 

During  his  experiments,  he  had  observed  a 
property  of  elastic  vapour,  which,  although  almost 
as  valuable  in  an'  economical  view^  as  the  coq>> 
denser  itself,  does  not  appear,  at  the  time,  to 
have  been  of  that  importance,  in  his  estimation, 
as  to  be  included  in  his  patent.  In  a  letter  (dated 
May,  1769,  two  months  after  he  had  enrolled  hia 

eitent,)  to  his  friend  Dr.  Small,  who  had  settled  at 
irmingham, where  he  practised  as  a  physician; 
be  says,  '*  I  mentioned  to  you  a  method  of  still 
doubling  the  effect  of  steam,  and  that  tolerably 
easy,  by  using  \.h&  power  of  steam  rushing  mto  a 
vacuum,  at  present  lost.  This  would  do  little 
more  than  double  the  effect,  but  it  would  too 
much  enlarge  the  vessels  to  use  it  all.  It  is  pecu- 
liarly applicable  to  wheel  engines,  and  may  supm 
ply  the  want  of  a  coHdenser,  where  force  of  steam 
only  is  used.  For  open  one  of  the  steam  valves, 
and  admit  ateam  until  one-fourth  of  the  distance 
between  it  and  the  next  valve  is  filled  with  steam, 
»hut  the  valve,  and  the  steam  will  contimue  to 
expand  and  press  round  the  wheel  with  a  dimi« 
nishing  power,  eoding  in  one-fourth  of  its  first 
exertion;  the  sum  of  the  series  you  will  find 
gpreater  than  one<half,  although  only  one-fourth 
wa4  used.    The  power  indeed  will  be  unequal, 

*  Many  years  after  this,  it  is  said  he  had  a  model  of  a 
similar  contrivaaeeiBade,  i&  whioh  the  foroe  of  steain»  aotiiw 
in  a  oircnlar  ohaimel  against*  valve  on  one  side,  and  against 
»  eolunm  of  fluid  mmcvtj  on  the  other  side,  was  tried  M* 
peatedly  at  Soho,  upoa  a  soala  of  six  feet,  bat  was  given  w^ 
•8  several  olyeQtioiiBWtM  feud  agatnit  iU^M»bitQH*$  Mem, 
TM*  voL  ill. 
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but  thifl  catt  be  remedied  by  a  fly^  or  several  otbelt 
trayi." 

The  period  darifig  which  the  experimental  en- 
gine had  been  in  progress,  was  the  usual  season  of 
relaxation  to  Watt,  from  his  surveying  labours. 
On  the  return  of  summer,  he  was  unexpectedly 
obliged  to  resume' bis  poorly  requited  professional 
avocations*.  For  at  thid  moment  his  patron  began 
to  feel  the  pressure  of  adverse  circumstances^  and 
the  fire-engme  project  was  suspended  from  time  to 
time,  until  the  tide  should  set  more  in  his  favour. 

But  the  prospects  of  Roebuck,  id  his  mining 
speculations,  daily  became  more  clouded.    The 
quality  of  the  coal  did  not  answer  his  expecta- 
tions ;  and,  although  he  had  introduced  a  better 
system,  and  brought  expert  and  skilful  workmen 
from  England,  where  the  subject  was  much  better 
understood,  the  difficulties  of  getting  even  an  infe- 
rior produce  to  the  surface  were  daily  increasing ; 
his  funds  were  gradually  drying  up ;  the  capital 
be  was  obliged  to  withdraw  from  his  concerns  at 
Birmingham  was  quickly  absorbed  ;  the  *'  leaden 
chambers"  at  Prestonpans,  which  to  him  had 
been  colSers  of  gold,  were  his  next  great  sacrifice; 
and,  as  necessity  pressed,  he  parted  with  his  share 
of  the  works  at  Carron.    The  enthusiasm  which 
had  before  given  a  prosperous  turn  to  schemes 
which  but  for  that  had  been  doubtful,  became  bis 
ruin  at  last.    In  persevering  to  preserve,  for  his 
family,  the  wreck,  at  least,  of  the  fortune  he  had 
expended,  he  flung  the  remainder  away,  which  he 

*  Plarfair's  esttmate  of  the  profits  from  this  employment  in 
Scotland,  about  18S0,  will  probably  better  apply  to  this  pe- 
riod. '*  Although,*'  says  he,  "  there  are  no  great  sums  tol)e 
rained  by  auoh  pursuits  in  Scotland,  yet  %vhenerer  there  is 
business  requiring  such  diversity  of  talents^  the  remtmeratioit 
must  be  adequate  to  heep  a  mcmfnm  want  /'* 


roebucks'  failurb. 
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never  dreamt  he  was  patting  into  hazard.  It  Wat 
in  vain  that  he  opened  new  channels  in  which  to 
turn  his  minerals  to  account.  Misfortune  had 
laid  her  hand  upon  him«  and  his  gold  disappeared 
in  seeking  for  coal,  and  was  evaporated  in  his 
attempts  to  make  salt,  or  burn  lime.  And  through 
the  same  distressing  embarrassments,  he  was  in- 
duced to  enter  into  a  negociation  to  give  up  his 
connection  with  Watt,  from  which  he  might  have 
reaped  a  harvest,  greater  than  he  had  gathered 
from  all  his  previous  projects,  lucrative  as  they 
were,  put  together. 
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**  ir  XXOKLLIHCK  BK  KKVXB  OBAVTXO  TO  MAN  BUT  AS 
TBE  BEWABO  0^  LABOUB,  A  AlSTOBt  OV  rAXLtXBES  WXLZ. 
XMVABIABLT  8H0BTEN  THE  BOAO  TO  SUCCESS." — DaVjf. 


BiTTBR  ai  mavt  bsv«  b«eD  Walt'a  diMppoinlmml 
«l  Ihii  teminalion  In  a  eoDnealion  from  which 
he  anticipalHi  aver;  flattering  proipeot,  jet  hi* 
eiCreme  good  fonotto  »ai  necsr  mora  iignallf 
diapla]«il  than  In  thii  BOCDrrenoe,  which  lo  hia 
Almil;  aad  himaelF  appsared  an  aliaoit  ifT*(neT« 
able  miilbrtuiw. 

A  friend  of  Rvebaok**  hail,  ■  Ibw  jean  iMfoMf 
been  left  in  pouesnoa  of  foitj  thosisBd  pouncii, 
aeenmuIaEed  by  an  tndDitrious  btber;  and  tha 
first  operatioBi  he  comiDcneed  lo  eipesd  it, 
ihowed  that  in  him  nature  had  otarrellaugty  ohM 
bolcfoeu  with  eirtuniip««llDn.  IF  Roebaok  Iia4 
wider  and  Rore  diaearaiTe  view*,  Md  gmtM 
menMl  redoureea  to  can7  litem  into  eiecallo% 
Mailhev  Bolton'*  expansion  of  mind  wai  men 
valuable,  as  his  appatentlj  Hmited  parpon  atoM 
(to m  a  greater  knowledge  of  buainea*,  aada  hal>il 
of  perasverance.  Roebuck  waa  rnpetaou*  m  hi> 
0penli«Di,  thai  hn  aetiifft  mtBd  night  wm  to 
■  8 


S58  BOtTOM  AMD  ROBBUCS. 

something  new;  Bolton  in  succeis  contemplated 
only  an  extension  of  that  which  he  had  succeeded 
in.  The  first  delighted  in  the  novelty  of  his  pro- 
jects, the  other  was  equally  pleased  by  an  ap- 
proach to  greater  perfection;  and  he  felt  that 
those  speculations  which  honoprably  advanced 
his  own  fortune,  by  exciting  competition,  added 
also  to  the  public  wealth.  '  DutKoebuck,  who  was 
not  unmindful  of  accumulation,  was  flattered  by 
considering  his  operations  as  having  their  origin 
in  a  wish  to  benefit  the  country.  Both  enjoyed 
a  high  reputation  for  personal  honour,  and  de- 
lighted in  tlie  hustle  of  society ;  only  the  founder  of 
the  iron  trade  of  Scotland  was  mote  anxious  to  be 
received  in  the  high  and  refined  circle  he  moved  in^ 
as  an  accomplished  scholar  and  a  man  of  science, 
than  asan  admirable  practical  chemist,  and  trium- 
phant speculator.  The  princely  master  of  Soho 
lived  at  his  factory,  and  was  pleased  with  the  per- 
sonal distinction  which  its  extent  and  unrivalled 
excellence  conferred  upon  him. 

Watt,  v^hose  genius  was  to  confer  even  honour 
on  both  was  as  opposite  as  the  antipodes,  to 
either.  His  acquirements  ireached  not  beyond, 
the  limited  knowledge  necessary  for  the  business 
pf  a  surveyor ;  indolent  from  weak  health,  and 
procrastinating  from  an  active  but  desultQry  ima* 
gination,  he  was  incapable  of  giving  to  a  series  of 
details  a  prompt;  and  steady  attention.  In  his 
prime  he  pos^esped .  little  curiosity,  even  on  sub- 
jects which,  might  have  been  considered  vitally 
^sential  to  his  interests.  Though  not  indif- 
iereatto  the  notice  of  beauty»and  with  manners 
calculated  to  win  its  regard,. yet  at  every  period 
pf  h^s  life  he  was  painfully  embarrassed  in, the, 
society,  of  intelligent  women.  To  fame  he  was 
absolutely  i^senfiibje ;  asd  notwithstanding  his. 
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fondness  bf  money,  mercantile  ambition  never  'di«» 
iurbed  the  monotonous  (enourof  bis  career.  But 
nature  had  given  him  a  fertile  and  exquisite 
invention*,  great  equanimity  of  temper,  and  all 
who  approached  him  were  charmed  with  the 
modesty  of  his  mind.  He  shrunk  from  notice,  as 
his  inventions  burst  upon  the  public.  He  was 
formed  to  glide  on  the  tranquil  stream;  for  a 
ripple,  by  exciting  his  apprehensions,  would  deter 
him  from  proceeding.  But  accident,  in  aid  of 
nature^  now  joined  him  to  a  colleague  of  tried 
nerve  and  energy.  Bolton  cared  not  to  navigate  a 
troubled  sea,  but,  like  a  skilful  pilot  well  ac- 
quainted with  the  landmarks,  and  eecure  in  the 
trim  of  his  vessel,  he  would  tempt  the  storm  rather 
than  cripple  his  adventure. 

To  a  man  like  Watt,  so  unfitted,  from  feeling  and 
habit,  to  stand  alone,  nothing  could  have  been 
more  auspicious  than  his  gaining  the  protection  of 
two  such  men  in  succession.  Obstacles  were  seen 
by  either,  only  to  be  surmounted,  and  they  both 
possessed,  in  an  eminent  degree,  the  master  art  of 
infusing  into  all  around  them  a  portion  of  their 
own  matchless  energy.  Projectors  themselves,  they 
were  considerate  of  his  feelings,  and  knew  how 
much  the  flow  of  thought  in  irresolute  or  hesitating 
genius  is  quickened  by  the  kindness  and  conde* 
scension  of  a  patron.  Assisted  by  their  experience^ 

*  "  The  oommon  and  ordinary  hahU  of  his  rntnJ,"  says 
Professor  Jardine,  "  was  invention.  Ahnost  every  object  that 
attracted  his  attention,  he  conceived  and  reprevented  as 
altered,  changed,  transiformed,  and  applied  in  a  different 
atate  to  other  pnrposea  and  other  UBes ;  and  his  iipaginatiK>n 
was  ever  fraituil  in  expedients  and  resoarces.  V^'hen  on  his 
great  and  uncommon  qualities,  I  cannot  forget  his  modesty 
and  simplicity  of  mannera.  Speaking  once  upon  his  great 
invention,  I  heard  him  say,  *  that  when  it  was  |^lalyMdt  ii 
V9o)d  ]»op  appear  so  great  as  it  seemed  to  be,*  ** 


nnd  animalMl  by  their 'fBiMnms  apfndbfttioii  «if 
what  he  had  already  achiered,  he  wai  roused  ao4 
carried  onward  to  impart  greater  peifeetion  to  hia 
nechanlim. 

They  who  have  nrg*ed  a  porert^  of  mind  aa 
iadicated  by  hit  failing  to  give  to  h»  third  model 
those  proportions  and  details,  which  would  have 

C reduced  a  more  perfect  action,  are  ungeneioua^ 
Bcause   they    ham    imbibed    this    demeaning 
opinion  from  observiag  what  may  have  been  ac« 
eomplished,  since  his  time,  by  other  mechaniee  ia 
•ituatloDS  apparently  more  unpropitious  than  bit 
own*    But  It  is  because  they  who  have  been  that 
put  into  the  balance  with  him,  began  their  career* 
after  he  had  invented,  that  they  eouM^not  expo* 
rience  difficulties  so  great  as  those  he  vanquished 
A  much  greater  accuracy  of  woricmanship  was 
required  to  ensnre  the  proper  action  of  his  appa« 
mtus,  than  was  demanded  by  engines  of  the  com-* 
Hion  form^  and  at  this  time  there  w^V^  but  one  or 
two  artists  who  could  give  the  rsquisite  troth  oJT 
workmanship  to  the  cylinders  (<^  a  couple  of 
Inches  in  diameter)  of  air-pumps.    But  Watt  re« 
quired  cylinders  of  many  thousand  times  greater 
eapacityj  and  piston  rods  of  comparatively  im- 
mense size,  all  to  be  formed  with  as  much  nicety> 
and  to  act  with  equal  precision,  as  these  philoso* 
phical  machines.    In  fadt  Att  engine  «wm  eMS 
air-nump  of  colossal  dimensions,  in  which,  instead 
of  the  piston  being  lifted  by  hand,  it  was  raised  by 
9team;  aQd>  instead  of  making  a  vacuum  in  a  smau 
vessel  containing  haUa  cubic  fbot  ef  air,  after  a  long 
and  a  laborious  opemtiou,  be  exhausted  a  vessel, 
containing  five  hundred  times  that  quantity, twentv 
or  thirty  times  every  minute,  and  each  time  raised 
a  load  equal  to  that  which  could  be  elevated  by 
the  power  of  hunrdreds  of  horsey.    T#  form  a  pvoi 
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pier  notSdn  of  his  mecHantcal  poiition,  itghoald) 
therefore,  always  be  borne  in  remembrance,  that 
in  the  beginnings  of  bis  career,  the  tools  and  ma- 
chinery, which  are  now  so  familiar  to  us,  had  to 
be  invented  and  constructed,  to  manufieuiture  the 
gigantic  cylinders,  and  piston  rods,  and  pumps, 
which  he  merely  anticipated  being  called  upon 
to  proportion  and  combine. 

At  the  time  in  which  Roebuck's  interest  in  the 
patent  was  transferred  to  Bolton,  Watt  was  en- 
gaged in  surveying  the  line  of  country,  through 
which  the  Crinan  canal  was  afterwanJs  carnal. 
The  death  of  his  wife,  which  happened  when  he 
was  absent  on  this  employment,  breaking  the 
strongest  tie  which  had  kept  him  in  Scotland,  by 
tlie  advice  of  his  friend  Doctor  Small,  who  had 
settled  as  a  physician  at  Birmingham,  he  soon 
after,  on  Bolton's  invitation,  removed  to  Sobo. 
.  This  celebrated  establishment  had  not  itself 
been  long  in  existence.  A  few  years  before,  the 
hill,  from  which  it  took  its  name>  *'  was  a  barren 
heath,  on  the  bleak  summit  of  which  stood  a 
naked  hut,  the  habitation  of  a  warrener."  On  this 
a  small  building  had  been  erected  by  an  individual 
for  an  iron  mill;  but  Bolton,  who  saw,  in  the  little 
stream  that  rippled  at  the  bottom  of  the  hUl,  a 
supply  of  water  to  answer  his  purposes,  acquired 
the  land,  and  expended  a  sum  more  than  equal 
to  the  half  of  his  patrimony,  in  building  work- 
shops and  dwellings  for  upwards  of  six  h  undred 
artisans.  The  water  of  the  rivulet  he  had  col- 
lected into  a  pool,  and  made  it  fall  on  a  water 
wheel,  which  communicated  motion  to  an  ama- 
zing number  of  different  implements  and  tools, 
by  whose  agency  were  fabricated^  in  the  highest 
elegance  and  perfection,  utensils  of  many  kinds, 
In  gold   silver^  tortoise-shelly  and  enamels^  and 
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Hiiuiy  vittent  simI  ttMtelUo  eompoiitteMb 
rilded,  pUt9d»  and  inlaid  ^orkv.  A»  the  worin 
Ead  rtpidlj  •xttnded»  tha  ^wer  of  horiet  had 
heen  for  a  short  time  amployed  ia  aid  of  thowater* 
wheoly  but  theie  had  been  aQpenoded  by  aa  eiH 
giae  oa  fiavery'i  eoDstraetioni  Thii  pamped  tli« 
water,  that  had  movad  the  wheel,  hack  into  the 
reservoir ;  a  mode  of  .procuring  a  rotary  motion 
then  very  generaHy  retorted  to*.  The paaaiDivio 
oaitiua  of  the  place,  who  wai  fomithed  ffom  tho 
varied  operations  of  this  museum  of  meebanical 
wonders  with  the  highest  entertainment,  as  well 
as  moat  lucrative  employment,  kept  hospitality  in 
a  mansion  on  the  other  side>  of  the  hill»  which  he 
had  surrounded  with  a  beautiful  garden,  having 
the  charms  of  shady  groves^  velvet  lawns*  and 
sparkling  water. 

Watt  was  now  in  a  region  celebrated  for  gene** 
rations  for  the  number  and  skill  of  its  artisans, 
and  where  he  had  at  hand  every  facility  which  th^ 
most  expert  workers  in  metals  could  bestow  for 
the  developement  of  his  ideas.  With  regard  to 
himself,  he  was  placed  in  circumstances  which 
left  him  at  liberty  to  give  his  undivided  attention 
to  that  which  was  now  to  be  the  ruling  object  of 
his  life. 

In  the  comer  of  Soho  that  was  allotted  for  his 
future  operations,  he  began  the  erection  of  his 
fourth  model;  which,  however,  on  account  of 
various  obstacles,  be  did  not  complete  until  the 

*  PUyfair  asrs,  ^  that  tbe  wtrt^  •xpense  iimiTrsd  by 
Bolton  ia  building  on  a  low  swampy  ffrottnd,  tsbavQ  the  benfe 
fit  of  tbis  stream,  did  not  fall  short  of  ten  thonsand  poands  ;* 
and  he  asks  "  how  much  has  pot  the  same  Bolton  oontribnted 
to  thevaduotlon  of  (hat  stream.  foT  which  he  paid  so  dearly } 
for  one  of  the  condensing;  enginest  worthfive  hundred  poanoSi 
would  turn  more  maohiMrj  thw  tbs  brooh;  ^  Web  C9«(  twiw 
« mwy  thonsands/*         '  ^ 
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latter  end  of  the  year  1774.  When  this  was  in 
action^  those  Cornish  gentlemen  who  were  inte- 
rested in  the  mines,  were  invited  to  inspect  its 
operation.  The  individuals  who  formed  a  depu- 
tation from  the  adventurers,  for  the  purpose  of 
observing  this  experiment,  gave  a  very  favourable 
report  as  to  the  effects  of  the  patent  engine  with 
relation  to  the  saving  it  made  in  fuel. 

In  describing  this  improved  mechanism,  it  must 
be  remembered  that  little  is  known  of  the  details 
of  this  identical  engine — and  our  illustration  must 
be  drawn  from  the  machine  in  probably  an  im- 
proved stage ;  and  the  diagram  will  show,  not  the 
form  and  proportion,  but  the  number  of  parts 
and  their  position  in  the  earlier  productions : 
a,  balanced  lever,  or  working  beam,  connected  to 
the  piston-rod  b,  by  a  chain  c ;  d,  the  piston  ,•  e, 
the  cylinder^  /,  the  pipe  leading  from  the  boiler, 
which  is  also  furnished  with  a  box  containing  a 
valve,  which  by  its  rise  or  fall  opens  or  shuts  a 
communication  between  the  boiler  and  cylinder; 
k,  a  valve,  which  also  by  its  rise  and  fall  opens  or 
shuts  a  communication  between  the  under  side  of 
the  piston  and  the  condenser  m,  by  means  of  the 
eduction  pipe  I,  The  short  pipe  n,  connecting 
the  condenser  with  the  air  and  water-pump  o,  has 
a  valve  at  p  opening  into  the  pump  barrel ;  in  the 
piston  of  this  pump  are  valves  opening  upwards, 
and  at  the  top  of  the  barrel  is  a  short  pipe,  having 
a  valve  at  its  extremity  opening  outwards :  s,  is 
a  common  pump,  with  its  rod  attached  to  the 
balanced  lever,  to  raise  water  from  a  well  or  cisi 
tern  to  replenish  the  box  t,  in  which  the  con- 
denser pipes  and  pumps  are  placed  ,*  the  rod  which 
draws  the  water  from  the  mine,  and   which   is 

also  attached  to  the  working  beain  is  not  shown  j 

* 
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tft  axis  of  woiking  beam;  1^3,  levers  moving'  oil 
joints  and  attached  to  the  valves  t,  ky  by  means  of 
rods  working  steam  tight  through  the  sides  of  the 
boxes;  8,  9,  tappets  or  projecting  pieces  on  the 
plug-rod.  The  pump-rod  works  through  a  stuffings 
boxj  so  that  the  atmosphere  is  completely  ex« 
eluded  from  the  interior  of  the  engine :  u,  a  space 
between  the  jacket  and  cylinder  into  which 
the  steam  is  admitted  by  the  pipe  f,  and  from 
which  it  is  introduced  above  the  piston  in  the 
cylinder. 

Previously  to  the  engine  being  put  in  motion, 
the  air  which  occupies  its  internal  parts  must  be 
extracted.  This  is  done  by  opening  0e  valves 
and  allowing  steam  from  the  boiler  to*  flow  into 
all  the  pipes  and  vessels,  and  the  vapour  beings 
lighter  than  the  air^  expels  it  downwards  through 
the  eduction  pipe  into  the  condenser,  and  from 
that  through  the  valves  which  open  upwards  in 
the  air-pump.  The  valve  i  is  then  shut,  and  cold 
water  being  allowed  to  flow  into  the  cistern, 
quickly  condenses  the  steam  in  the  condenser- 
pipes,  and  the  steam  under  the  piston  rushing 
through  the  eduction  pipe  to  restore  the  equili- 
brium, is  also  converted  into  water — the  con- 
densation in  both  vessels  is  so  rapid,  as  in  practice 
mav  be  considered  as  quite  instantaneous.  The 
resistance  at  the  under  side  of  the  piston  being 
thus  removed,  the  pressure  of  the  steam  issuing 
from  the  boiler  forces  the  piston  into  the  vacuous 
part  of  the  cylinder. 

The  fall  of  the  piston  depressed  one  end  of 
the  working  beam  a;  and  as  the  air-pump  rod 
is  attached  to  the  opposite  end  of  the  lever, 
its  piston  was  raised  to  the  top  of  its  barrel,  and 
tfa«   air  and  water  which  had  flowed  into  the 
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fSODdenser,  and  was  prevented  by-  the  valve  p 
from  retarniDg,  is  now  lying  above  the  air-pump 
piston. 

But  at  the  instant.when  the  steam  piston  had 
reached  to  nearly  the  bottom  of  its  cylinder,  or 
had  made  its  stroke,  the  tappets  on  the  plug- 
frame  r,  struck  the  ends  of  the  levers,  or  span- 
ners,  attached  to  the  valves  g,  and  Ar,  and  shut 
them. 

The  mine  pump-rod  is  loaded  with  a  weight  or 
counterpoise,  and  it  will  be  obvious,  that  to  get 
the  piston  again  into  the  place  from  which  it  has 
fallen,  will  require  a  force  to  be  exerted  equal  to 
that  which  had  depressed  it,  or  some  means  must 
be  resorted  to,  by  which  the  depressing  force  may 
be  removed  or  neutralized,  so  that  the  counter- 
poise (the  use  of  which  is  to  raise  the  plug-frame 
and  the  steam  piston  to  the  top  of  the  cylinder^,) 
may  have  only  their  weight  and  resistance  to  over- 
come. 

All  these  desiderata  were  obtained  by  a  con- 
trivance, remarkable  for  its  simple  and  effective 
operation,  at  the  moment  when  the  fall  of  the 
plug-frame  made  one  set  of  tappets  act  on  the 
spanners  and  shut  the  valve  Ar,and  open  the  valvet, 
the  steam  which  had  depressed  the  piston  is  ad- 
mitted through  it  beneath  the  piston,  and  an  equi- 
librium being  thus  established  between  the  upper 
and  under  side  of  the  steam  cylinder,  the  coun- 
terpoise on  the  opposite  extremity  of  the  beam 
raises  up  the  steam  piston.  In  a  non-resisting 
medium.  This  adjustment  may  be  instanced  as 
one  of  the  finest  contrivances  exhibited  in  the  me- 
chanism. During  the  rise  of  the  steam  piston  by 
the  operation  of  the  counterpoise,  the  air-pump 
piston  has,  by  the  same  means,  been  moved  tQ  the 
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bottom  of  ita  barrel.    When  ttie  connterpoi^  hat 
raised  the  piston  to  nearly  the  top  of  the  cylinder, 
tappet!  on  the  plug-frame  again  strike  on  the 
spanners,  or  levers,  attached  to  the  equilibriam 
valve  t,  and  shut  it ;  and  other  tappets  striking  on 
the  spanners  attached  to  the  valve  k  opens   it. 
The  steam  below  the  piston  now  rushes  into  the 
condenser,  and   is,  almost  instantaneously,   con- 
verted into  water — this  leaves  a  vacuum  beneath 
the  piston,  and  the  expansion  of  the  vapour  on  its 
upper  side  again  presses  it  downwards  into  the 
cylinder,  when  the  action  of  the  plug-frame  re- 
verses the  position  of  the  valves  as  beFore,  and  the 
counterpoise  raises  the  piston  a  second  time  to  the 
top  of  the  cylinder. 

It  should  have  been  noticed  when  mentioning 
the  raising  of  the  steam-piston  by  the  counter- 
poise, that  durifig  the  descent  of  the  air-pump 
piston  by  the  same  means,  the  water  which  had 
been  produced  by  the  condensation  of  the  steani 
in  the  condenser,  had   fallen  through  the  valve 
which  separated  the  pump  from  the  barrel,  was 
lying  at  the    bottom  of   this  vessel;    and  the 
space    between   the   surface  of  the  water  and 
the  under  side  of  the  air-pump  piston  was  filled 
with  air  which  had  entered  it  along  with  the 
water.     This  air  being  prevented  from  return- 
ing   into    the    condenser    pipes    by    the    valve 
which  opens  from  the  condenser  into  the  pump 
barrel,  as  the    piston   descends    is    compressed^ 
and  when  it  has  by  this   means  acquired  the 
necessary   density,    its   elasticity   raises   up   the 
valves  in    the   air-pump    piston,    and    occupies 
the  upper  as  well  as  part  of  the  under  portion 
of  the  pump,  and  as  the  piston  also  falls  into  the 
condensed  water  at  the  bottom  of  the  barrel  aud 


dl*  afition  of  the  valve,  p,  pToventtD^  ito  ■etum,  it 
!■  tatted  abovo  the  valves,  and  iidiiohaiged  aloag" 
ivith  iha  air* 

In  aid  of  the  ii^efition-water  in  formings  the 
vacuum,  Watt  plaeed  the  condenaeivpump)  and 
Uia  ecmdai^ier,  in  a  eistarn  of  eold  water,  which,  a« 
H  get  heated,  was  alloifed  to  flow  off,  and  a  freah 
aupply  waa  drawn  by  the  pump,  t,  ffom  a  well,  ot 
xeservoir.  The  hot  water  whiph  was  pumped  out 
af  the  ^oadenaee,  into  what  was  called  the  hot- 
well,  Wj  was  taised  by  another  small  pump  into  a 
cistern,  from  which  the  hdil^i  was  replenished 
with  its  water. 

The  method  by  whieh  the  piston-rod  was  kept 
steamptig^ht,  and  the  entrance  of  the  air  prevented, 
was  by  means  of  a  stufBng-box,  inclosing!  a  collar 
of  hemp,  and  lubricated  by  tallow.  This  is  simi- 
lar to  what  is  seen  on  the  small  air«pumps  of  that 
time,  for  a  like  parpose,  and  will  be  easily  under- 
alood  by  an  inspection  of  the  figure  in  the  plate 
marked  Wa.tt,  figures  8  and  4. 

It  was  now  become  of  importance  to  ascertain 
the  internal  state  of  the  condenser  and  cylinder, 
for,  on  a  knowledge  of  the  perfection  of  the  va- 
onum  in  one,  and  the  strength  of  the  steam 
flowing  into  the  other,  depended  the  application 
pf  some  of  the  regulating  details.  Watt  connected 
a  mercurial  barometer  to  the  inside  of  the  pipe 
leading  to  the  condenser,  and  he  placed  another 
barometer  on  the  pipe  leading  from  the  boiler 
and  opening  into  it.  By  the  rise  and  fall  of  the 
mercury  in  the  first,  he  ascertained,  with  great 
precision,  the  elasticity  of  the  vapour  remaining 
ia  the  condenser,  or  the  degree  of  its  enhaustion  j 
and  by  the  rise  or  fall  of  the  mercury  in  the  steam- 
pipe  barometer  he  had  a  similar  precise  measure 
M  th^  vtranglh  of  steam  whieh  pressed  down  th^ 
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pitton ;  and  H  was,  therefore,  easy  to  calculate  the 
power  jof  the  engine;  for>  if  the  force  of  the  ateara' 
from  the  boiler  raises  the  mercury  to  a  height  of 
thirty  inches  in  the  barometer,  then  he  knew  that 
this  is  equal  to  the  mean  pressure  of  the  atmos- 
phere ;  and  that  steam  of  this  force  will  press  with 
a  weight  of  fifteen  pounds  upon  each  square  inch  of 
the  surface  of  the  steam-piston.  And  if  all  the  steam 
and  air  were  perfectly  withdrawn  from  the  other  side 
by  the  action  of  the  condenser  and  its  pump,  then 
the  piston,  ialling  into  the  vacuous  part  of  the  cy- 
linder, with  this  weight,  would  lift  an  equal  weig>ht 
placed  at  the  opposite  end  of  a  balanced  lever,  or 
woiking  beiim.    But  in  practice,  notwithstanding 
every  care,  a  portion  of  air  and  vapour  is  always 
present  in  the  condenser.    The  elasticity  of  this 
air,  or  the  force  with  which  it  resistis  the  pressure 
of  the  steam  on  the  piston,  is  shown  by  the  height 
at  which  the  mercury  stands  in  the  condenser 
barometer  ;.  this  of  course  must  be  deducted  from 
the  height  of  that  in  the  other  baromter,  and  the 
remaining  height  of  mercury  is  that  which  shows 
the  power  by  which  the  piston  falls,  or  the  weight 
that  would  be  raised  at  the  other  end  of  the  lever, 
supposing  there  were  no  other  resistances  itban 
that  arising  from  the  imperfect  extraction  of  the 
vapour  and  air  in.  the  condenser.    This,  however, 
is  but  a  small  part  of  the  loss  of  power ;  for  from 
the  friction  of  the  steam  and  condenser-pistons^ 
and  force  required  to  open  and  shut  the  cocks,  not 
more  than  seven  or  eight  poupds  weight  can  be 
raised  by  the  force  of  fifteen  pounds  on  the  piston. 
So  that  more  than  a  half  of  the  whole  power  of 
the  steam  is  wasted  in  giving  motion  to  the  me* 
chauism. 

It  will  be  seen  that  with  cylinders  of  the  same 
size,  and  of  equal  perfectipa  of  workmanship^  the 
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l^M  Amn  frietioB  *ira«  greater  in  the  new  than  ift 

Neweomen's  engines ;  but  then,  in  Newcomen'i, 
five  or  six  times  the  quantity  of  steam  which 
filled  the  cylinder  was  required  each  8trok%  and 
thia  arose  from  the  mode  in  which  the  steam  was 
oendensed ;  but,  in  the  new  engine,  not  more  thafi 
a  quantity  of  steam  equal  to  I  ^  of  the  eapacity  of 
the  cylinder  was  required  each  stroke. 

The  heat  of  the  furnace  under  the  boiler  was 
rudelr  regulated  in  both  machines  by  a  dampei^ 
which  was  open  and  shut  by  the  person  who  had 
the  charge  of  the  engine. 

Brindley  preserved  the  heat  of  the  cylinder  by 
lllling  the  interstice  between  it  and  its  casing  by 
dry  wood  ashes.  By  means  of  a  small  pipe  pro* 
•ceedine  from  the  steam-pipe,  Watt  introduced 
ateam  mto  this  space ;  and  thus  kept  even  the  ei» 
temal  surface  of  his  steam-vessel  as  hot  as  the 
pleam  moving  the  piston  within  it. 

In  the  triab  with  this  engine,  Walt  expevieneed 
many  disappointments  in  his  attempts  to  surmount 
two  obstacles,  apparently  of  no  great  difficulty ; 
but  in  the  formation  and  proportioning  of  the 
eondenser  and  its  pump,  he  was  baffied  at  every 
step;  and  it  was  years  after  this  before  he  was 
latisAed  with  this  part  of  his  invention.  The  con* 
struction  of  the  piston  also  demanded  all  his  inge- 
nuity to  make  it  move  easily  up  and  down,  and  yet 
be  steam-tight,  without  having  water  lying  on  it^ 
as  practised  in  Newcomen's  engines.  On  this  he 
made  numerous  trials  before  he  hit  upon  the 
method  of  forming  the  under  part  of  the  piston 
with  a  projecting  rim,  accurately  fitted  to  th^ 
cylinder,  but  yet  to  allow  it  to  move  easily  up  an4 
down,  and  wrapping  hemp,  or  some  other  flbrou^ 
elastic  substance,  round  the  body  of  the  piston^  so 
u  to  flit  a p  the  space  between  it  and  the  cylinder. 
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On  ibetop  of  thU  be  laid  a  plate  alao  acenmteiy 
^tled  to  the  cylin<lef,aDd  Bciewing:  this  plateiiows 
to  the  projecting  rim,  the  packing  (or  gasket) 
between  them  was  pressed  outwards  to  the  sorlace 
of  the  cylinder,  so  tightly  as  not  to  allow  steam  to 
pass  between  it,  yet  permitting  the  piston  to  move 
easily  up  and  down  when  lubricated  with  tallow. 
When  employed  with  a  well  and  truly  bored  and 
high-polished  cylinder,  this  was  a  clever  con- 
trivance. By  screwing  the  upper  plate  and  rim 
nearer  together,  the  gasket  could  be  forced  out- 
wards at  pleasure ;  and  .this  gave  the  power  of 
tightening  it  when  it  became  leaky  from  attrition. 

Five  years  of  the  term  of  the  patent  had  now 
expired,  and  although  the  engine,  which  was 
now  in  action,  was  beyond  expectation  satisfac* 
tory,  yet  it  was  apparent  that  it  ought  only  to  be 
considered  as  an  experiment.  Even  to  bring  it  to 
this,  however,  great  expenses  had.  been  incurred, 
and  very  great  sums  it  was  seen  would  be  required 
.|o  carry  it  fairly  and  further  into  practice.  But 
the  term  of  years  that  was  to  run,  was  so  short  as 
to  forbid  any  large  sum  being  embarked  in  the 
speculation :  for  at  the  moment  when  remunera* 
tion  might  be  expected  to  follow,  a  rival  might 
begin  to  manufacture  the  engines,  and,  starting 
with  all  the  advantages  arising  from  the  expe« 
rience  of  the  patentee,  without  any  of  the  pre- 
liminary incumbrance  of  the  expenses  of  his  iirst 
experiments,  would  thus  be  able,  under  unfair 
and  unjust  advantages,  to  contest  for  the  field 
with  the  ingenious  inventor. 

Thjese,  added  to  the  pre-eminent  merit  of  the 
invention,  formed  the  grounds  of  a  petition  which 
Watt  was  advised  by  his  friends  to  present  to  par- 
liament, for  an  extension  of  tlie  term  of  his  patent* 
The  opposition  to  his  claloiy  if  not  powerful,  wa« 
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ftctite ;  tfod  it  was  now  that  the  sehrices  of  some  of 
his  philosophical  friends  were  called  into  exertion. 
Among  them,  Doctor  Roebuck 'was  conspicnous. 
Tiie  petition  was  heard,  and  an  act  was  passed,  by 
which  he  had  the  sole  privilege  to  manufecture 
and  use  his  improved  engines  for  twenty -five  years 
aftertfae  date  of  his  application ;  and,  to  crown  his 
good  fortune,  Bolton  became  his  partner  in  the 
manufacture  of  the  engines,  as  well  as  in  the  share 
of  the  monopoly. 

His  prospects  were  now  not  only  bright  but 
steady.  The  discussion  of  his  claim  in  parliament 
had  drawn  public  attention,  both  to  the  mechanic 
and  his  production.  And  from  the  length  of  the 
term,  the  most  ample  outlay  had  every  prospect  of 
being  repaid.  But  above  all,  his  becoming  a 
mauufactuier  of  his  apparatus,  was  fortunate  for 
his  reputation.  His  first  ideas  were  capable  of 
great  improvement.  The  chances  of  producing 
new  and  more  perfect  applications  and  combina- 
tions were  all  in  his  favour;  every  engine  was  an 
experiment  which  might  lead  to  an  improvement 
in  the  next  production;  and  by  this  means  the 
possibility  of  his  claim  to  invention  being  appro- 
priated by  others,  for  mere  technical  perfection, 
was  prevented. 

The  sale  of  the  machine^  as  an  article  of  trade, 
was  conducted  by  Bolton,  who  showed  himself  in 
every  way  a  master  of  commercial  tactics.  ''  And 
had  Watt,"  says  Playfair,  '' searched  all  Europe, 
he  could  not  have  found  another  man  so  calcu- 
lated to  introduce  the  invention  to  the  public  in 
a  manner  worthy  of  its  importance."  The!  pub- 
lic was  invited'  to  an  inspection  of  the  en- 
gine; the  principles  of  its  action  were  explained; 
its  parts  ^ere  described,  and  an  estimdte,  bolU 
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iuelMBtml  and  eoonmnioal,  was  mMe  df  H« 
powen. 

.  But  aiy  on  thit  last  heed,  loraethiBg^  betides  a 
Bsaoufactuiei's  assurance^  was  required  to  satisfy 
many  who  were  to  ase  and  pay  for  the  machines, 
a  number  of  pTactioal  and  seientiflc  mechanics, 
whose  personal  and  professional  character  plaeed 
their  testimony  beyond  all  suspicion,  were  in^ 
Tited  to  Soho,  to  witness  a  series  of  careful  and 
lipid  experiments  made  with  the  pew  engine  | 
dn  the  coals  it  consumed,  on  the  work  it  per- 
formed, and  on  the  time  in  which  it  did  it.  The 
nsults  of  these  trials  were  compared  with  those 
of  another  series  of  experiments,  made  with  equal 
eare,  in  the  presence  of  the  same  individuals^  on 
Newcomen's  engine,  of  the  best  construction,  and 
ia  the  best  order.  The  superiority  of  the  new 
tagine,  in  every  point,  was  thus  shown  to  be  im* 
mense«  "  And  now,"  said  the  patentees,  ^  all  that 
we  ask  from  those  who  choose  to  have  our  en- 
gine, fs  lAc  va^ue  of  one-iktrd  part  of  the  coals 
which  are  saved  by  using  our  improved  machine 
instead  of  the  old.  With  our  engine,  it  will  not, 
in  fact,  cost  you  but  a  trifle  more  than  half  the 
money  you  now  pay  to  do  the  same  work,  even 
with  our  third-part  included;  besides  an  immense 
saving  of  room,  water,  and  expense  of  repairs. 
The  machine  itself  which  we  supply,  is  rated  at 
that  price  which  would  be  charged  by  any  neulrai 
VM^nufacturer  of  a  similar  article.  And,  to  save 
all  misunderstanding,  to  engines  of  certain  sizes, 
certain  prices  are  affixed.** 
-  To  induce  those  who  were  either  unable  or  un" 
wiHing  to  throw  aside  the  expensive  apparatus 
which  they  might  have  already  in  operation, 
Boltoo  and  Watt  took  the  old  engines  at  a  price 
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in  mtkoy  inntaiDces  much  beyond  their  value,  in 
part  payment  for  the  new  ;  and  they  even  erected 
engines  worth  some  thousands  of  pounds,  on  con- 
dition of  being  paid' for  them  when  they  produced 
the  estimated  advantage.  In  other  cases,  the  partr 
of  the  old  engines  were  appropriated  ;  and  wliere 
this  was  practised,  the  alteration  marked,  in  a  stri- 
king and  novel  manner,  the  extraordinary  value  of 
the  improvement.  The  new  c Under  was  placed 
within  the  old  working  cylinder  which  served  as  a 
jacket,  to  prevent  the  radiation  of  heat;'  the  inner, 
which  now  became  the  working  cylinder,  was  sel- 
dom more  than  half  the  size  of  the  outer  one  ; 
but  yet  the  power  of  the  mechanism  was  greater. 

To  those,  such  as  brewers,  who  still  used  horses, 
or  those  who  calculated  the  effect  of  Newcomen's 
engine  by  that  standard,  a  set  of  experiments  were 
made,  on  the  force  which  a  horse  exerts  in  mov- 
ing certain  descriptions  of  machinery;  from  a 
comparison  of  this,  they  said,  by  burning  a  certain 
quantity  of  coals,  you  will  produce  steam,  which, 
used  in  our  new  engine,  will  do  the  same  work  as 
a  horse.  "  Thus,"  Bolton  said,  "  I  will  guarantee, 
with  eighty-four  pounds  weight  of  Newcastle  coal, 
to  raise  thirty  millions  of  pounds  weight  one  foot 
high ;  or  the  same  quantity  will  grind  eleven 
bushels  of  wheat;  or  it  will  slit  and  draw  five 
hundred  and  sixty  pounds  weight  of  iron  into 
nails.  Therefore,  by  burning  this  quantity  of 
coals,  you  will  produce  a  power  equal  to  that 
exerted'by  ten  horses ;"  but  in  estimating  this  as 
equal  to  that  number,  his  honourable  mercantile 
spirit  shone  in  a  new  and  brighter  light. 

'  It  was  of  infinite  importance,  that  the  power  of 
the  new  mechanism  should  appear  favourable,  in 
a  comparison  with  that  of  animals.  And  with  this 
view,  the  lower  the  eatimate  of  a  horse-power. 


life  gisftler  •ppflmied  tbe  power  ef  tbefr  9li9«ii#f 
Smeatonjim  engiiieef  pf  unimpe«ched  «eciif9e3P 
of  ttateaiMt  and  of  great  evperten^Qj  had  valued 
tbe  force  of  a  itroag  Gnfrliih  hone  at  being  equal 
to  lifting  a  weight  of  29,000  pounds  one  foot  high 
in  A  day.    ^ut  Watt  and  Bolton  were  not  tatit-* 
fied  with  this  j  they  said  that  a  horse  could  ralsfr 
t9,000  pounds  one  foot  high :  thus  stating  the 
ease  against  themselves  almost  to  a  third  more : 
but  they  went  still  further  i  ^'  one  of  our  engines," 
they  said,  '^are  calculated  so,  that  they  will  raise 
44,000  pounds  one  foot  high  with  a  bushel  of 
eoals;  and  when  we  say  our  engines  ha?e  the 
force  of  five,  ten,  or  more  horses,  we  mean,  and 
guarantee,  that  they  will  lift  44,000  pounds  for 
aaoh  horse  power;'*  so  that  a  machine  which,  ae* 
cording  to  Smeaton's  estimate,  would  have  a  power 
of  ten  horses,  BoUon  and  Watt  only  valued  as  ex« 
efting  the  power  of  five. 

A  mode  of  proceeding  so  fair  and  liberal  was 
admirably  calculated  to  set  at  rest  all  suapicioDi 
and  the  public  began,  at  length,  to  look  with  more 
complacency  on  the  invention.    But  when  Boli 
tpn  had  induced  many  to  use  the  condensing  eniv 
g^ne,  he  wanted   meaus  tofascertain  the  work 
which   the  engines  performed;    disputes  might 
arise  from  valuing  the  savings  of  fuel,  where  the 
data  were  to  be  furnished  by  those  who  were  most 
interested  in  making  them  of  small  value ;  and  an 
inspector  over  every  engine,  to  have  kept  an  ac** 
count  of  the  quantity  of  coals  used  and   work 
done*  would  have  been  as  expensive  as  it  would 
have  been  an   invidious  and  inconvenient  me- 
thod.    Watt's  invention  was  pot  in  requisition 
to  enable  his  colleague  to  keep  his  accounts  with 
clearness  and  accuracy  ;  so  that,  while  the  inter-). 
efta  of  |he  patenteasweie  ascertained,  it  should  be. 
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done  ID  tf  ach  a  mabnet  mt  not  to  leave'  evcfn  a  shadow 
of  suapicioD)  or  ati  openiog  to  litigation.  And  the 
ireault  wm.  Watts  contriving  a  means  of  keeping 
an  account  of  the  woik  of  (he  eneine,  for  days  ^t 
monthsf  Or  years,  without  the  trouble  of  reekoniug, 
Ib  so  perfect  and  simple  a  mode,  that  at  every 
period,  after  an  hoar's  work  or  a  month's  work, 
the  quantity  of  steam  which  had  been  used  should 
bo  ascertained  by  a  mere  inspection. 

This  apparatus,  which  was  culled  the  e(mnltf» 
was  formed  of  a  series  of  small  wheels,  shut  up  in 
A  box,  having  a  dial  and  indeX'*hand,  to  sfaoW  hoW 
many  revolutions  had  been  made  by  the  wheeM. 
■This  appamttts  was  so  placed,  that  every  time  the 
balanced  lever  rose,  or  descended^  the  wheels 
moved  one  tooth.    It  was  sometimes  attached  to 
what  was  called  the  spring-beajn  floor,  at  other 
times  it  was  attached  to  the  lever  beam.    The 
box,  which  contained  tliis  mechanism,  was  shut 
by  two  locks,  the  key  of  one  was  kept  by  the  pro- 
prietor of  the  engifie,  and  the  other  hey  remained 
in  the  possession  of  Bolton  and  Watt«    At  certain 
periods,  (every  three  months,)  a  confidential  person 
in  their  employment  visited  the  engines,  and,  in 
the  presence  of  the  proprietor,  opened  the  box, 
and  noted  how  many  revolutions  the  wheel  had 
made  I    from  this  it  was  easy  to  ascertain  the 
quantity  of  coals  that  had  been  used ;   for,  as  this 
mechanism  showed  the  number  of  times  ^e  pis- 
ton had  risen  and  fallen  in  the  cylinder,  that  gave 
the  number  of  times  the  cylinder  had  been  filled 
with  steam ;  and  as  it  had  been  ascertained  how 
much  steam  could  be  made  from  a  bushel  of  coals, 
that  gave  the  quantity  of  fuel  that  had  been  used 
in  the  Watt  engine ;  and  as  the  difference  between 
the  use  of  the  new  and  old  machine  had  been 
ascertained  from  the  experiments,  the  third  part 
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of  the  MTini;  in  quanlitj  was  valaed  b;  tbe  price* 
ofcoaU  In  the  diMrict  in  which  (he  engine  woa 
t^ced,  and  thia  wu  the  aum  paid  to  BoltoD  and 
Wall  for  their  permiuioo  ID  use  the  engine.  At 
Chacenatei  Mine  odIj',  in  GomtralJ,  Ibe  aavin^ 
of  cobIi  was  upwards  o!  six  thousand  pODDcU 
■■year  i  and  the  pateoteea  drew  a  reyeoae  of  two 
Itiouaand  pounds  a-yeaT  from  this  alone. 

The  number  of  averages  which  mighl  be  in- 
spected, siitiified  even  the  mosl  faatidioQS,  and 
many  excellent  engines  were  soon  erected  in  Staf- 
fordshire, Cornwail,  Sliiopshire  and  Warn icbsh ire. 
The  pcoapeious  course  of  affairs  inspired  a  new 
Bidoui  as  (he  mBtlei  proceeded;  and  Welt  con* 
tinned  to  giie  still  greater  perfectioD  to  hisextjui- 
■i(e  mechanism,  while  Bolton's  personal  influence 
and  frank  habits  made  all  feel  the  most  perfect 
coDlldence  in  hia  repreaeDtations  and  pledges ;  and 
■o  great  was  the  "  iiole  of  preparation,"  that  up- 
-wanta  of  fony-ieven  thousand  pounds  were  apent 
by  Bolton  and  Watt  before  the;  began  to  "  touch 
the  lemnneration." 
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**  X  WILL  VXHTTrftX  TO  AVFIBV  THAT  HXITVRT  ]>OSB  VOT 
▲FFOBD  AN  IN8TANCX  Or  SUCH  BAPID  IMPROVSMKHT  IK 
COMMXBCK   AVD   Ot^tLXVATTON*    AS    TBAT.VKXOK  WXLZi   BX 

xxricnD  BT  8TXAM-VSSSXLS."— ifetiry  Sell, 


As  laOB  B<  Nawcomen'i  eogine  yifii  cnnflned  to 
puHipiiig  walec,  Ihe  cDioinon  maHDer  of  aWsching 
the  (team  pi>(Qa-[Qd  to  the  balanced  lever  ]>j  u 
chsin  wat  lufficieql  (ot  its  operatiaii*  Sut  it  bad 
now  became  of  great  inipoilance  IQ  use  it  ai  a 
^ut  mover,  in  ca*ei  where  ibe  piodijcliaa  of  a 
coDtiDi)ou>  rotacjr  movement  wa*  indiBpenaable. 
To  accompliah  thii  it  vas  afteii  mode  (a  pump  up 
^let,  vbich  fell  oa  a  nateF-wbeel,  fiaiB  whicb 
motion  wM  coinmunicated,  aa  nw  alsQ  ptac-. 
tiled  when  uiiop  Saverjr'a  engine  for  the  >ama 
puipoK;  but  thisi  ia  many  caaea,  vai  inconve* 
^ient,  aad,  in  all,  expen>i?e.  Fit^iald'a  rotary 
lODvemenl  fiotD  tbe  piiton-rod  directly,  bad  be^a 
ijvea  np  ai  iinpraciicabte;  a^da siipilat  appan 
ratui,  shich  wai  applied  by  a  Mr.  Joha  Stetrart, 
and  a  Mr.  Pugald  Clarke,  (o  lania  ■ug«F-milli  ia 
Jamaica,  had  alw  been  abandoned,  from  it«  baiiig 
Qlien  out  pf  Older  and  iequi(ing  eipeDiive  repair*, 
9qn)9<(lHt  UHr(IT68j  a^  ttdnotpiiefw  qpgiiK  1»<I 


880  OBNETOIS. 

been  employed  at  Hartley  Colliery,  to  draw  coals 
firom  a  pit,  wbttb  had  a  toothed  sector  on  the  end 
of  the  workii^  beam,  woiking  into  a  trandle, 
which,  by  means  of  two  pinions  with  ratchet 
wheels,  produced  a  rotative  motion  in  the  same 
direction  by  both  the  ascending  and  descending 
stroke  of  the  piston ;  and  by  shifting  the  ratchets 
the  motion  could  be  reversed  at  pleasure.  This 
engine  hadfio^y-toAs«/>aud  went  sluggishly  and 
irregularly. 

lu  application,  however,  to  move  boats,  which 
was  among  the  earliest  projects  to  which  its  use 
had  been  suggested  after  its  invention,  was  again 
proposed  by  M.  J.  A.  Genevois,  a  minister  in  the 
Canton  of  Berne,  who  in  1759  published,  at  Ge- 
neva, a  book  describing  his  discovery  of  what  he 
called  the  *'  great  principle,"  and  which  appeared 
to  him  of  such  importance  to  the  English  nation 
in  particular^  that  he  came. to  London  in  1760 
to  lay  his  book  and  his  plan  before  the  Com- 
missioners of  the  Navy.  Tjiese  gentlemen  having 
desired  hini  to  furnish  them  with  extracts  of  those 
parts  of  his  book  which  related  t6'  navigation ; 
the  simple  Bernese  not  only  made  the  extracts/ 
but  had  them  translated  and  printed. 

"  He  found,"  he  said,  '^"common  oars  had  ten 
essential  fiaults,  but  principally  because  the  su- 
preme geoinetiician  had  not  given  a  pattern  of 
these  in  any  living  creature,  he  thought  was 
a  strong  objection  to  the  goodness  of  the  method 
of  propelling  a  boat  by  the  usual  means.  The 
patterns  of  oars  which  nature  gives  us«re  the'^tails' 
of 'fish,  of  the  feet  of  swans,  or  ducks,  and' the 
imitation  of  the  web-foot  is  the  easiest  and  most 
practicable."  **  If  is  notorious,"  he  continues,^ that 
the  duck  bends  its  feiet  in  bringing  them  for- 
wavdi,  and  the  membranes  are  so  clo«ed  aa  almost 


^''^mmf^^mtm^'^mr 


■•  loag«r  to  ivtiflt  the  water  ^*  tbts  nMelMBlini 
Mn^  abM>lot*1y  free  from  the  ten  objfections  in 
hit  fmt,  h«  Joined  together  the  two  qualities  in  the 
|«t«eni,  its  twiilness  and  its  noB-reststance  in  the 
iietQni  by  makings  oan  with  a  joint  at  the  feather^ 
wfaicb  expanded  so  as  to  be  qaite  flat  when  op- 
posed to  the  water  in  acttiig>/to  impel  the  boat 
forwards  i  and  to  fold  almost  together,  and  oppose 
no  resistanae  to  the  water  when  tbey  were  with* 
dm  win;  from  it;— .like  a  duek's  foot,  elosing  at 
it  comes  fbrwaNi,  and  opening  as  it  is  drawn 
back*. 

-  His  ^^rreat  principle/*  which  was  to  consider 
H  springs  as  a  magazine  or  repository  of  all  the 
powers  which  are  lodged  in  tnem,  and  to  make 
tbem  restore  with  rioietice.  Or  with  weight  and 
measure,  any  power  bestowed  on  them,^  hei  applied 
as  the  intermediate  means  of  moving  his  natural 
oar.    To  bend  the  springs,  he  describes  a  sort  of 

*  ^e  quote  the  following  anecdote  from  bi9  paiqphleti 
<*  It  is  ti^ie,  an  honourable  gentleman,  one  of  the  mem< 
ban  of  the  Nary  Board,  told  me,  when  |  appeared  before 
them  ia  Augaat,  17^.  that,  about  thiTty  years  ago,  a  Scotch* 
man  proposed  to  make  a  ship  sail  with  gunpowder ;  but 
haying  found  bj  the  experiments  made  for  that  purpose,.  Ihat 
ihirty  barrels  of  guupowder  had  scarce  forwarded  the  ship 
the  space  of  ten  miles,  this  invention  had  been  rejected.  Tx) 
this  I  aaswend,  that  he  aequainted  me  with  a  ^  thing 
qaita  new  to  me ;  that  his  scheme  was  deservedly  lejecteo, 
vut  that  my  work  was  of  anotiier  kind.  I  hare  since  beea 
told,  tiiat  It  was  by  the  retrogradatioa  of  one  or  more  caq* 
aoQS  oa  tha  poop,  this  man  had  conceived  the  hope  of  fot- 
wardiag  a  ship.  This  put  me  in  mind  of  the  trial  a  eela- 
brated  gentleman  made,  many  jrean  ago,  to  set  a  boat  going 
on  the  ilfaiae,  by  the  effusion  of  the  water  from  a  tub  on  the 
sterut  by  a  hole  towards  the  prow ;  this  was  only  as  short. 
As  lor  the  Scotehmaa's  work,  mie  may  easily  see  it  has  ao- 
thiag  in  comnioa  with  niine,  but  the  thouffht  of  gunpowder.'* 
-^Inquiries  temdinff  to  «A#  hif^rovmentt  of  Na^^ftUUin,  p.  SO. 
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QRiUMMi  with  a  pliton,  m  wHich  he  igmte*  ^aB<* 
powder:  but  Gemevoif  <ithefe  fiplieed'at  inropos- 
u^  to  beml  hU  efiriBgs,  which  move  fab  oaiSy  by 
NewcomeD't  engine. '  Bfefrve,  hovever,  he  sub-* 
mitted  his  plan  to  the  Commiasiooen,  he  had. 
their  pledge  that  they  would  warrant  to  him 
the  merit  of  the  iDvendon;  *'.  hot  I  depire  all 
equiuble  penoDs  to  believe,  that  I  had  coase 
Beaton  to  act  in  thi»  manner*  drawn  from  consider-, 
atioos  more  honest  and  suitable  to  the  cbaiactet 
I  have  the  honour  to  be  invested  with,  tlian  the 
mean  views  of  a  contemptible  vanity.  I  dursi 
flaUer  mytelf,"  says  the  worthy  pastor,  *'  that  dis- 
coveries so  useful  to  mankind  in  geneial,  might* 
be  to  to  my  family." 

But  this  scheme,  which  had  been  proposed  by 
many,  and  attempted  unsuccessfully  by  three  ex- 
perimenters, was  now  to  have  a  fair  trial.  >  The 
{llomte  d'Auxiron*,  who  bad  already  appeared  be^ 
fore  the  public  with  advantage,  succeeded, in  1774, 
in  .bringing  a  scheme  for  moving  boats  by  a  steam- 
engine,  before  a  number  of  individuals  who  asso-. 
ciated  for  the  purpose  of  enabling  the  Marquis  to 
carry  his  plan  into  execution.  The  experi- 
ment was  tried  on  the  Seine,  near  Paris;  but  the 
engine^  by  which  the  wheels  were  propelled,  not 

*  The  CoMTE  d'Auxikon  wm  s  natiye  of  Basanfon,  and  a 
aneaiber  of  a  familv,  whose  father  and  brothers  devoted  to  the 
iiciences,  adorned  their  favourite  studies  with  some  estimable 
performances.  He  was  bom  in  17S6,  and  entered  the  army  at 
an  early  age,  in  which  he  held  the  rank  of  a  captain  of  w> 
tillery;  the  duties  of  his  profession  interfering  with  bis 
tasten,  he  solicited  his  dismission,  and  retired  in  1765.  in 
the  same  year,  he  published  a  proposal  for  supplying  Paris 
with  water,  and  continued  afterwards  to  publisn  occasionally 
.treatises  on  philosophical  subjects.  In  1769  be  printed  a 
Theory  of  Rivers,  and  means  for  preventing  the  ravages  of 
Floods,  a  work  CTiaeing  much olwervation.  fie  died  atrarit 
m  1778. 


baying  the  necessary  force,  the  boat  'moVed  so 
slo^rly  and  irregularly,  that  the  company,  at- 
vhose  expense  the  trial  had  been  made,  coosir 
dered  the  result  offered  no  inducement  to  pier- 
severe;  and  judging  from  what  they  had  seen, 
navigation.by  steam,  in  their  opinion,  could  not 
supersede,  either  on  the  score  of  speed  or  eco- 
nomy, the  ordinary  method  of  towing  by  horses. 
^  Perier,  the  elder*,  since  well  known  in  France  as 
an  able  and  accomplished  mechanic,  assisted  at 
this  experiment;  and,  notwithstanding  the  discou- 
raging opinion,  formed  by  many  of  his  friends 


*  Jacques  Const amtin  Pebxer,  a  Member  of  tbe  French 
Academy  of  Sciences,  was  a  native  of  Landes,  and  tbe  eldest 
of  three  brothers  who  were  bred   millwrights.    His  second 
brother  Augustus  Chables,  was  bis  colleag^ne  daring  his 
whole  life.    The  tiiird  brother  died  when  a  very  yonn^  man. 
The  centriforal  pamp,  which  they  constructed  as  their  first 
essay,  was  placed   in  the    gallery  of  mechanical  models, 
formed  by  the  Dae  d'Orleans,  and  for  its  merit  is  yet  pre- 
served in  the  Coaservatotre  des  Arts  et  Metiers,  at  Paris. 
Jacqnes  Constantin,  that  he  might  acquire  more  profoundly 
the  elements  of  his  art,  made  journeys  to  England,  The  yea^ 
he  returned  from  his  first  visit,  he  was  employed  by  the  go> 
vemroent  to  erect  engines  on  the  Isle  de  Cignes  to  supply  the 
place  of  the  water-wheels,  which  had  been  stopped  bv  a  rigo- 
rous winter ;  when  the  urgency  had  passed,  the  millers  feft 
the  machines  to  their  fate.    During  the  early  pitrt  of  the 
revolution,  the  Perierscast  cannon  and  other  warlike  stores 
for  the  state.  But  the  fall  of  the  assignats,  with  which  they  had 
been  paid,  almost  crashed  them.    And  the  government,  as  if 
to  consummate  their  ruin,  refused  to  listen  to  their  claims  for 
compensation.    In  these  times,  they  employed  their  work- 
men in  fabricating  engines  in  ^feneral  demand  by  manufac- 
turers.   The  manufactory,  which  still  flourishes,  and  ranks 
as  the  first  in  point  of  excellence  and  extent  in  France,  has 
produced  a  ereat  number  of  steam-engines,  which  have  Iteea 
erected  in  all  parts  of  the  continent,  and  are  esteemed  for  their 
excellent  workmanship.    Jac(^ues  Constantin  also  established 
the  foundery  at  Liege  for  casting  cannon.    He  died  at  Paris, 
in  1918,  in  the  76th  year  uf  his  age.    He  WM  the  snthor  x>f  » 
small  treatiis  09  stesxn-eogines^ 


from  the  Muqiiii's  4^ihn«^  ke  repMrtedl  te  trfal, 
with  soma  impravemcnts  in  the  inechaiiiiin^  in  tlM 
feHowiof  year.  The  iteain-engine  he  vied  wat 
an  imperfect  model  which  had  been  laymg'  aboat 
hii  workshop,  ef  a  power  about  equal  to  that  of 
«ne  hone.  Thit  wai  phieed  in  a  boat,  and  at<* 
Inched  to  two  wheels,  one  at  each  side,  with  a 
contrivance  to  give  them  a  votaiy  motion.  Thm 
performance  of  the  model  wis  as  defective  as  that 
nsed  by  d' Aqxiron,  and  the  boat  moved  but  slowly 
against  the  carrent  of  the  Seine.  This  ti!iat  no« 
being  so  favonrtible  as  Perier  had  anticipated,  he 
did  not  proceed  farther  with  his  experiments  ;  as 
the  project  did  not  now  appear  to  offer  any  temp- 
tatipDs  for  him  to  go  on  with  it,  in  preference  to 
some  others,  to  which  he  had  devoted  his  timet 
and  in  which  he  had  embarked  his  capital. 

The  Maranis  Duerest,  who  was  present  a4 
l^erier^s  exhibition, gives  a  good  account  of  it; 
but  his  impression  was  decidedly  in  favour, 
of  its  being  easily  practicable  to  move  boats  by 
a  steam-engine;  he  explains,  in  a  very  aatisr 
lactpry  manner^  w^y  that  no  inference  ought 
to  be  ^wn,  as  to  the  speed  of  vessels  navigated 
in  this  manner  from  this  experiment,  because 
it  was  not  fairly  made.  Fqr,  instead  of  a  boai 
fif  this  size  being  propelled  b^  an  engine,  hav» 
jng  a  power  only  of  one  horse,  it  ought,  according 
|Q  his  calculation,  to  have  been  furpished  with 
one  having  the  power  of  four  or  five  horses  to 
have  driven  the  wherry  against  the  stream  of 
the  Seine,  with  so  small  a  velocity  even  as  that 
pf  the  towed  bo^ts,  or  from  three  and  a  half  to 
four  miles  an  hour^.  Fortified  by  this  opinion^ 

*  ^«<»if  wr  iH  ^BicAMifi  %4W(V«««.  p.  JSi.    Psris, 


Perierdid  notaltogftthbr  abandon  th«  rabjeet^  an^ 
in  sQCceeding  years'  he  made  a  few  attempts  in 
substituting  oth'v  mechanism  for  that  of  the  pad- 
dle-wheels, whfch  he  thought  were  defective 
sobstttutes  for  <^ars;and  which  in  his  view  occa- 
sioned his  failure.  Bat  he  was  too  languid  in 
the  pursuit  to  accomplish  so  great  a  matter :  his> 
attempts  do  not  appear  to  have  excited  much 
attention  in  France,  and  no  traces  appear  of  their 
having  been  noticed  in  England. 

It  was  two  years  after  his  first  experiment  with 
his  steam-boat,  that  Perier  formed  a  company  for 
supplying  the  city  of  Paris  with  water.  In  his  own 
manufactory,  which  at  that  time  ranked  as  the  first 
in  France,  he  made  steam-engines ;  yet  with  an 
honourable  acknowledgment  of  the  superiority  of 
those  manufactured  by  their  great  inventor,  he 
came  to  England,  and  succeeded  in  inducing 
Bolton  and  Watt  to  sell  him  an  engine  on  their 
best  construction,  and  with  all  their  latest  im«- 
provements.  He  remained  at  Birmingham  during 
Its  fabrication,  and  procuring  a  license  from  the 
English  government  for  its  exportilion,  he  carried 
it  to  Parts,  and  by  the  assistance  of  two  skilful 
mechanics,  who  accompanied  him  from  Sobo, 
and  the  instructions  he  had  received  from  Bolton 
and  Watt,  he  erected  it  at  Chaillot.  This  is  the 
engine  described  by  Prony,  in  his  splendid  book 
on  the  Steam-Engine,  who  is  minute  even  to  pro* 
lixity  in  describing  its  parts ;  but  omitting  to  state 
to  whose  talents  the  beautiful  mechanism  wasdua^ 
he  encouraged  the  inference  that  Pener  was  its 
Inventor^  as  well  as  its  fabricator.  Yet  Prony,  who 
ranked  as  one  of  the  most  liberal  and  the  most 
accomplished  scientific  men  of  his  time,  happened 
to  be  that  individual,  under  whose  immediate 
direction  Perier  wsis  despatched  to  Engli^qd}  i^ho 


Mft  f  4ijni%  wmwnu    : 

VM  m  <0iiM|l0«iftBoe  vUh  him  vhM  1M  «ni4 
iltleadii^  the  woriuhoiM  at  Aoho,  apd  whe  •ctnalli^ 
superintended  Pefier  whea  be  puklhe  parte  toge* 
UieretChaiUot<».  S^' 

The  Water-Cempany  was  a  still  more  unfcwCa* 
Date  experiment  than  the  steam-boat  Ag^at  ouU 
cty  was  laifed  hy  a  party  at  Paris  against  its  pro^ 
jecton,  and  notwithstanding  the  litem  vy  exertioBa^ 
in  its  fsvour,  of  the  celebiated  Beaumarchisy 
who  had  ventured  some  of  hii  property  in  the 
tpeculatian,  it  was  completely  borne  down  by 
\tM  opponents!  who  were  led  on  and  stimulated  by 
'<  the  ferocious  and  frantic  declamations  of  the  f«« 
•owned  oratof,  Mipabeaa.** 

The  prodigious  stride  made  fay  Watt  in  his 
eondensing  engine;  soon  began  to  stir  up  attempts 
to  improve  the  rival  mechanism.  The  most  ingeni- 
ous was  displayed  by  Doctor  Fakk,  who,  in  1 779* 
deseribed  a  method  ol  doubling  the  effect  of  the 
steamy  by  making  use  of  its  expsnsion.  He  used 
two  cylinders^  each  fitted  with  a  piston,  and 
■team  was  admitted  into  each  by  a  common  regu« 
)ator ;  but  whoi  it  was  flowing  into  one,  it  was 
prevented  from  having  access  to  the  other ;  and 
|he  steam  was  made,  after  it  had  depressed  the 
piston  into  one  eylicder,  to  flow  into  the  other> 
and  act  on  its  piston  in  the  same  mannep.  By 
means  of  a  wheel  fixed  into  an  arbour,  the  piston 
rods  wem  kept  in  a  continual  ascending  and  de* 
soending  mcrt^ion,  in  the  same  manner  as  the  rods 
pf  a  common  air-pump,  by  which  they  move  a 
eommon  axle.  With  the  same  q|uantity  of  fuel, 
Falek  estimated  he  could  produce  a  double  effeet, 

•  Thi«  fOflriaf  ws«  4t  work  ia  18Ut  Imt  Favey  obteirw 

|t  was  not  a  good  specimen  of  Watt's  alkiUtiwi,  that  is,  \i^ 
compapsoi^  wiui  yfh^\  fte  prod^ped  t^rentv  qt  thirty  yuan; 
kf lerwaid*.  ■  %  -    •  r  r  f 
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but  it  does  not  )tppMt  he  made  v»j  eiperiniMiti 
irilb  B  model.  His  idea  wemi,  hovever,  to  haTB 
been  acted  upon,  for  Hr.  Farey  Iiai  itated  that  he 
■air  ao  eogioe  on  Nevcomea's  piinciple,  wotkia^ 
OD  ibis  ainmgemenl. 

It  maj  here  be  observed,  tbat,  befoie  thii  period, 
Walt,  who  had  noticed  the  effect  of  the  eipaiw 
HOD  of  steam  when  admitted  into  a  vacuum,  had 
availed  bini>eir  of  Ibi*  knowledge,  to  equalize  the 
motioD  of  Ibe  piston  in  its  deacent,  hj  Bhultiiig  off 
the  neam  from  the  cylinder  before  the  pisloa  had 
reached  Ibe  limit  of  its  stroke.  ]i  ii  noi,  however, 
likely  that  i^lck  waa  acquainted  with  this  me- 
thod,  which  mighl  hare  been  practised  in  the 
condeoung  engine,  without  attracting  even  the 
observation  of  one  minutely  eiamining  its  con- 
struction. lDracl,thisreflnementappeaiito  have 
been  quite  unknown  to  mechanics,  until  the  ap- 
pearance of  Falck'i  pempfalet. 


CHAPTER  FOURTEENTH. 


So 


**  THX  MOaX  XDLX  A  TIVKXB,  THX  IIOBX  COMCXITXD  HI  tS 
OF  HIS  SKILL  ;  AND  THX  OBXATXB  IS  THX  DAMaXB  THAT  IK 
ITOPTINO  OMX    BOLX    IN   TOXJB    KXTTLX,  RX  0PXN8   TWO."— 

Sufi/U 


The  greal  practice  Sm^toD  bad  ia  planning  ma- 
abinen  on  a  grand  icale,  tru  amptf  meiited  bf 
the  paioi  he  loolc  to  become  muter  of  tbe  knov' 
ledge  of  every  ciicunutance  wbich  could  affeqt 
■ta  action  or  pawei.  After  bi>  jn^ni^Dt  bad 
become  matured  bj  eiperieoce,  he  placed  little 
ir  aoj  dependence  on  thaoijr ;  but  became  a  dili- 
gent collector  of  facU  regarding  tbe  peealiaiiliej, 
pToporiioni,  and  eSect  oF  macbinei  wbich  bad 
been  erected  bj  othert,  Tbii  gave  a  cooaiitencj 
and  preciiion  to  hi>  opioiom  and  practice,  that 
we  look  for  in  vain  in  the  vorka  of  bii  co- 
lempoisriea  j  tbej  do  not  appear  to  have  fell  that 
the  Tontine  of  their  practice  might  b«  corrected, 
hj  obwrring  eTen  (he  aiiatakBi  or  otbera,  or  tbey 
were  too  idle  to  look  bejrofld  their  ovn  Gotbaat 
(or  improvement. 

II  is  on  account  of  this  veil-directed  indaatTT, 
that  bii  lalwuri  arc  yet  eiteemed  oi  ■laDdanli  of 
CfUHUiNlica,  wad  ot  treU  undenMod  and  •ffactm 
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combination.    And  the  most  flattering^  testimoDj 
that  could  have  been  borne  to  the  success  of  his 
deviation  from  the  beaten  tract  to  improve  the 
steam-engine,  is  furnished  by  Watt.  When  speak- 
ing   to    him  about   the  terms    upon  which    he 
granted  permission  to  use  the  condensing  engine, 
•*  We  charge,**  says  he,  "  our  profits,  in  proportion 
to  the  saving  of  fuel  made  in  our  engines,  when 
compared  with  a  common  one,  which  bums  the 
same  kind  of  coals.    We  ask  a  third  part  of  these 
savings,  but  in  all  these  comparisons,  our  own  in- 
terest makes  us  except  your  improved  engines, 
unless  we  were  allowed  a  greater  proportion  of  the 
savings/* 

The  value  of  these  improvements  will  be  best 
understood  from  experiments  he  made  in  1769. 
At  that  period  fifty-seven  engines  were  in  opera- 
tion at  Newcastle,  Itaving  a  total  area  of  piston, 
<^ualtoM6,495  square  incites,  and  operating  with 
a  power  equal  to  that  which  could  be  exerted 
by  1,188  horses. 

Fifteen  of  these  machines  were  selected,  as 
being  a  fair  specimen  in  every  case  of  the  whole 
number,  having  an  energy  equal  to  that  of  37^*5 
horses.  The  total  superficial  area  of  their  pis- 
tons was  86,899  square  inches,  having  an  average 
pressure  of  6-73  pounds  on  each  inch  of  piston^ 
which  moved  at  a  speed  of  100*2  feet  per  minute, 
and  raised  a  weight  of  5*6  millions  of  pounds  to 
a  heiglit  of  one  foot,  with  eighty^four  pounds 
weight  of  Newcastle  coal. 

So  small  an  effect,  with  so  great  an  expenditure 
of  fuel,  appeared  to  Smeaton  to  arise  from  incor* 
rect  proportions  given  to  the  various  parts  of  which 
the  mecbieinism  was  composed.  The  boilers,  he 
imagined,  were  too  small  to  geneiate  the  proper 
quantity  of  ateara>and  thitf  defect  waa  aggmvaied 


by  aa  improper  formation  of  their  flre-plaeea.  Tlie 
iQjBQagement  of  the  fire  too  wai  little  understood^ 
and  carelessly  attended  to.  The  pipe  conducting 
the  steam  to  the  cylinder^  had  not  sufficient  capa- 
city to  allow  it  to  flow  into  the  cylinder  with  the 
proper  velocity.  The  injection  cistern  was  placed 
too  low ;  the  water  laying  on  the  piston,  abstracted 
the  heat  from  an  immense  quantity  of  vapour. 
The  cylinder  itself  was  faulty  in  proportion^ 
and  very  defective  in  its  eieoution.  Every  thing 
appeared  as  if  it  had  been  placed  in  its  position 
by  chance,  and  proportioned  in  the  same  man- 
ner ;  but  as  often  as  one  machine  was  found  better 
than  another  in  one  part,  this  was  neutralised  by  its 
more  glaring:  faults  in  another  part,  so  that  with 
8o  great  a  latitude,  no  one  had  had  the  good  for«> 
tune  for  his  gueasings  to  have  been  the  right  one. 

Yet,  although  the  greater  number  of  these  do^ 
fects  were  so  obvious,  and  of  such  magnitude,  that 
the  removal  of  even  one  of  them  would  have  added 
greatly  to  the  power  of  the  apparatus,  they  were 
totally  overlooked  by  the  fabricators  of  the  me- 
chanism. If  they  found  a  deficiency  of  power, 
they  increased  the  area  of  the  piston,  estimating 
the  effect  by  the  weight  placed  upon  it,  without 
reference  to  the  velocity  with  which  it  moved,  or 
to  the  quantity  of  coal  which  was  consumed  to 
produce  it. 

Smeaton  soon  found  that  the  attempt  to  get  tlia 
information  he  desired,  tiom  trials  upon  engines 
in  operation,  was  beset  with  very  great  diffi- 
culties;  no  estate  could  have  survived  the  expense 
of  making  a  series  of  experiments,  where  each 
would  absorb  a  moderate  fortune.  He  took  the 
next  best  plan,  and  erected  a  small  engine  at  his 
house  at  Austhorpe ;  with  this  during  four  years  he 
in«d«»  gioat  numbei  of  experimental  on  every  point 
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which  he  thought  might  affect  the  action  of 
the  atmospheric  engine     By  mere  attention  to 
keeping  a  thin  clear  fire  evenly  spread  over  the 
grate,  he  saved  a  sixth  part  of-  the  heat  with  a 
mote  regular  performance.-   An  increase  of  effect 
-was  also  ^produced  by  admitting  air  under  the 
piaton  during  the  returning  stroke^  or  when  the 
counterweight  was  drawing  up  the   piston.     lie 
minutely  examined  the  action  and  effect  of  the 
injection,  and  found  that,  by  apportioning  it,  he 
could  r^golaie  the  motion  of  the  piston  ;  he  saw- 
that  there  was  a  loss  of  power  from  regulating 
the  motion  of  the  engine  by  a  cataract.    He  also 
ascertained  the  quantity  of  water  evaporated  by 
a  given  weight  of  fuel ;  he  defined  the  best  pro^r 
portion  of  the  surface  of  boiler,  that  should  be 
submitted  to  the  action  of  the  fire  to  generate  a 
given  quantity  of  vapour.    He  pointed  out  the 
proportion    of  vapour  that   was  condensed    in 
merely  beating  the  cylinder  and  piston,  without 
pfoducing  any  useful  effect  besides  that,  and  over- 
coming^ friction,  and  the  best  velocity  with  which 
the  piston  should  move>  and  the  load  it  should 
carry.     He  made  some  minor  improvements  in 
the  material  of  which  the  under  side  of  the  piston 
was  formed,  the  construction  of  the  jet  orifice, 
the  framing  of  the  great  lever,  the  arrangement  and 
construction  of  the  hand-gear,  and  in  the  framing 
and  proportions  of  the  parts  throughout. 

The.  first  opportunity  he  had  of  carrying  his 
ideas  into  practice,  was  at  a  coal  mine  near  New- 
castle. The  engine  he  was  called  upon  to  im- 
prove, had  a  cylinder  fifty-two  inches  in  diameter, 
which,  when  loaded  with  8*92  pounds  on  each 
square  inch,  and  moving  at  the  late  of  54*25  feet 
each  minute,  rai8ed4*82  millions  of  pounds'.weight 
one  foot  high,  with  an  expenditure  of  eighty -four 
pounds'  weight  of  Newcastle  coal. 


is  tHe  i'€w  wmii^eaeiify  SmeaUMi  Teteine^  (he 
old  cylinder  and  pump-woik ;  he  made  the  piston 
move  throug^h  eig^ty-fonr  feet  in  a  minute,  urith. 
a  weight  of  7-5  pounds  on  each  inch^  and  he  thus 
raised  9*45  millions  of  pounds  one  foot  high,  by 
the  same  weight  of  coals  which  could  only  raise- 
about  half  the  weight  in  the  machine  which  had 
beaB  superseded.  This  increase  of  effect  was  in- 
dependent of  friction  and  other  resistances;  but 
w  there  was  a  weight  of  upwards  of  twenty-seves 
tons  poised  on  the  axis  of  the  lever  during  the 
ftiUiug  of  the  piston,  and  about  9|  tons  during 
its  returning  stroke,  taking  the  loss  of  effect  from 
moving  this  enormous  weight  into  account,  the 
eighty-four  pounds  of  coal  may  be  estimated  to 
have  raised  eleven  millions  of  pounds  one  foot 
high,  and  that  too  with  a  much  greater  unifor- 
mity of  action  than  was  produced  in  the  old  en^ 
gine. 

The  general  form  of  the  details  of  the  engines 
which  were  designed  by  Smeaton,  is  shown  in  the 
engraving.  The  engine  for  which  these  were  con- 
structed was  erected  at  the  Chacewater  mine,  in 
Cornwall,  and  was  accounted  at  the  time  one  of 
the  most  powerful  machines  which  had  been  used 
in  England.  Its  cylinder  was  73  inches  in  dia« 
meter;  the  piston  had  a  9}  feet  stroke ;  the  water 
was  drawn  at  three  lifts  from  a  depth  of  50  fathom», 
and  the  weight  of  it  in  the  pumps  was  upwards  of 
14  tons.  The  working  beam  was  6  feet  2  inches 
in  depth,  and  composed  of  20  fir  beams,  united 
together  by  massive  hoops  of  iron.  Three  boileri 
were  attached  to  Ais  huge  apparatus ;  one  of  these 
was  placed  as  shown  in  the  eng^ving,  the  other 
two  were  placed  in  the  outside  of  ttie  engine* 
IwnBey  each  in  Um  fqiMate  bvUdiog* 
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'  In  the  engravilip  niariced  Smxatow,  Fig.  1,  U  iEin 
eleyation  of  the  self-regulatiDgapparetua^or  hand- 
gear.    Fig.  2,  ia  a  plan^  or  faorizoDfcal  Bection,  of 
the  same  mechanitm.    Fig.  S,  a  section' of  the 
sliding  valve,  through  which  the  steam  was  ad- 
mitted from  the  boiler  into  the  cylinder.    Fig.  4, 
section  of  the  bottom  of  the  cylinder.    In  all  the 
figures  the  same  letter  is  placed  on  the  same  pvt. 
a,  is  a  part  of  the  cylinder ;  d,a,  part  of  the  plug- 
inme;  e,  injection  water-pipe;  f,  pipe  conveying 
■team  from  the   boiler  into  the  cylinder,  and  at 
the  bottom  of  which  the  valve  shewn  in  Fig.  8,  is 
placed ;  t,  injection  cock ;  k,  forked  lever  which 
opens  and  shuts  it;   2,  another  forked  lever  for 
opening  the  sliding  valve  on  the. steam-pipe,  which 
is  marked  o;  m,a  catch  communicating  with  the 
cataract;  r, tumbling  bob  of  the  injection  cock; 
t,  tumbling  bob  of  the  steam'^pipe  valve.   These 
weights  perform  the  same  office  in  this  apparatus 
that  they.  haVe  already  been  described  to  perform 
in  Newcomen's  early  engines. 

The  operation  of  this  machine  is  nearly  the 
same  with  others  which  have  been  already  de- 
scribed. In  the  figures  the  parts  are  in  the  posi- 
tion they  would  occupy  if  the  piston  were  at  the 
top  of  the  cylinder,  (which  is  filled  with  steam>) 
and  the  steam  and  injection  cocks  were  shut,  and 
the  apparatus  ready  to  act  as  soon  as  the  cup  of  the 
cataract  is  filled  with  water.  At  the  instant  this 
is  accomplished  it  falls  to  one  side^  and  makes  the 
bent  lever  5  draw  up  the  chain  0  of  the  catch  tn, 
and  the  prong  ^  be^ng  disengaged,  the  weight  or 
tumbling  bob  r  impels  the  prong  I  on  the  lever  8, 
and  during  its  movement  into  the  opposite  posi- 
tion opens  the  injection  cock  u  The  jet  con« 
densesthe  6t«am  beneath  the  pistQiij  irhAchi  Ml? 
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ing  into  the  cylinder,  performs  its  working  stroke; 
at  the  same  time  the  tappet-frame  d  descends, 
and  when  near  the  termination  of  its  motion,  a 
pin  6,  striking  on  the  arm  y,  opens  the  steam 
valve*  and  at  the  same  instant  another  tappet 
shuts  the  injection  cock ;  the  counterpoise  now 
draws  the  piston  to  the  top  of  the  cylinder,  and 
when  it  is  about  to  reach  the  limit  of  its  returning 
stroke  another  pin  in  the  plug  frame  moves 'the. 
y  piece,  and  the  steam  valve  is  again  shut.  The 
cylinder  is  now  filled  with  steam,  and  remains  so 
until  the  cataract  cup  inclines  to  one  side,  when 
the  fall  of  the  tumbling-bob  r  again  opens  the 
injection  cock  and  the  piston  descends  as  before. 
There  were  also  several  extraneous  circum- 
stances which  produced  irregularity  in  the  me- 
chanism, even  when  the  steam  power  was  made 
to  act  with  great  uniformity.  In  all  the  machines 
which  have  been  described,  the  weight  of  water, 
or  other  load  which  the  engine  had  to  raise,  has 
been  considered  to  be  equal  and  constant.  But 
in  the  greater  number  of  instances  in  which  steam 
power  was  employed,  the  water  which  had  to 
be  drawn  from  a  mine,  did  not  accumulate  with 
regularity.  The  operation  itself  of  pumping  the 
water  which  had  accumulated,  varied  the  load 
on  the  pumps;  and  when,  from  any  cause,  the 
water  suddenly  fell  in  the  cistern,  and  air  found 
its  way  under  the  pump-barrel,  if  the  piston  were 
working  with  its  usual  toad,  its  descent  destroyed 
the  apparatus.  The  general  rate  of  the  motion 
of  the  piston,  might  be  perfectly  regular,  and 
from  time  to  time  be  regulated  by  decreasing  the 
load  on  the  piston,  by  making  a  less  perfect 
vacuum,  or  by  admitting  more  or  less  water, 
into  the  cylinder;  but  this  required  so  much 
care  on  the  part  of  the  atteodants,   and  such 
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diMstroat  coiuieqveDcefl  ensued  when  it  ^m 
omitted,  that  it  wna rarely  resorted  to;  an  obvious 
ftnd  simple,  but  not  very  economical  method  waa 
preferred.  Where  the  situation  permitted,  tho 
water  was  allowed  to  accumulate  beneath  to  a 
certain  extent,  and  the  engine  was  then  put  in 
operation  to  pump  a  certain  portion  of  it  to  tho 
surface;  it  then  ceased  working  until  a  second 
accumulation  bad  taken  place,  and  to  on  con<« 
•tantly. 

A  better  method  was  to  keep  the  machinery 
always  in  action,  and  to  regulate  the  engine  so  that 
it  should  make  only  a  certain  number  of  strokes  in 
a  minute,  and  thus  allow  time  for  a  fresh  accumu- 
lation between  each  stroke.  The  caiaract,  a  well 
known  contrivance  for  this  purpose,  was  used  hy 
Sibeaton,  and  also  in  many  cases  by  Watt. 

A  small  pipe,  a,  which  proceeds  from  a  cistern 
Ct  is  furnished  with  a  cock,  d,  to  regulate  tha 
iiie  of  the  stream  of  water  which  falls  from  it 
into  a  funnel,  0 ;  this  funnel  is  placed  over  a  cup 
fixed  on  the  end  of  a  bent  lever,/,  g^  that  movea 
on  an  axis,  h ;  a  chain  or  wire,  t,  is  fixed  to  ono 
end  of  this  lever,  the  other  end  of  the  wire  is  at-* 
tached  to  a  spanner  or  catch,  which  acts  by  its 
rise  or  fall  to  engage  or  disengage  a  lever  thai 
opens  the  cock  of.  the  injection-pipe.  The  cup 
and  bent  lever  are  placed  in  a  box,  through  the 
bottom  of  which  the  chain  proceeds;  a  small 
pipe,  k,  carries  off  any  water  that  may  foil  on  the 
bottom.  It  is  first  found  from  trial,  how  often  a 
certain  stream  will  fill  the  cup  the  required  num- 
ber of  times  each  minute,  and  the  cock  is  adt 
justed  accordingly.  The  water  then  which  falls 
into  the  funnel,  is  guided  into  the  small  cup,  and 
when  it  is  filled,  the  weight  of  the  water  makes  i| 
tell  over,  and  .turns  the  opposite  eyd  of  the  bent 
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lever  on  its  axis,  and  the  chain  fixed  to  it  raitee 
the  end  of  the  catch,  which  acts  to  open  the  in« 
jection  valve ;  and  this  condensing^  the  steam,  the 
engiDe  makes  a  stroke,  and  the  counterweight 
lifts  the  piston  into  its  former  position,  as  hat 
already  been  described  in  the  Chacewater  engine* 

During  this  operation,  the  water  from  the  cup  is 
emptied  into  the  box  and  carried  off  by  the  pipe, 
and  the  chain,  acting  as  a  counterweight^  quickly 
restores  it  to  its  position  under  the  funnel,  and 
the  stream  of  water  filling  the  cup  again,  it  a 
second  time  falls  to  one  side,  the  engine  makes 
another  stroke,  and  so  on  successively.  It  is  ob- 
vious, that  as  the  stream  of  water  is  made  more  or 
less,  a  greater  or  less  time  will  be  required  to  fill 
the  cup,  and  of  course  a  greater  or  less  number 
of  times  will  the  injection  cock  be  opened,  and 
the  piston  make  its  stroke. 

Another  plan  practised  by  the  old  engineers, 
was  still  retained  in  many  situations,  to  ascertain 
the  depth  of  water  in  the  pit,  in  order  to  guide 
the  engine-keepeiLto  regulate  the  movement  of 
the  machine,  and  to  avoid  the  accident  of  water 
felling  in  the  pump,  when  working  with  its  usual 
load. 

An  iron  pipe,  perforated  with  holes  at  its  bot- 
tom, was  placed  in  the  cistern  of  the  mine ;  a 
wooden  cylinder  (having  a  projecting  piece  of 
iron  fastened  to  its  under  side)  made  smaller  than 
the  diameter  of  the  pipe,  so  as  to  move  easily  up 
and  down,  floated  on  the  surface  of  the  water 
in  the  pipe.  A  cord  was  attached  to  this  float 
which  passed  through  a  hole  in  the  cover  yf  the 
.  pipe,  and  was  carried  up  the  pit  shaft  and  guided 
over  a  pulley  into  the  engine-house,  where  it 
Mssed  over  a  second  pulley,  and  was  terminated 
by  a  small  weight,  hang  within  xeach  of  the  en- 


900  aiMB  GATTGB. 

^ine-keeper.  By  pulUn^  this  cord,  he  could  al- 
ways tell  whether  ihe  water  stood  hi^h  in  the 
cylinder,  or  was  nearly  exhausted.  In  the  first 
case  the  float  was  buoyant,  and  in  the  other,  when 
the  float  was  raised  by  the  rope  it  fell,  and  the 
piece  of  iron  coming  strongly  in  contact  with  the 
iron  bottom  of  the  pipe,  gave  the  information 
that  was  desired ;  and  by  a  little  practice,  he 
could  also  distinguish  whether  the  float  was 
nearly  at  the  top  of  the  pipe,  which  it  would 
be,  when  the  cistern  was  filled  with  water. 
Watt  sometimes  used  this  contrivance  with  a 
modification,  which  better  adapted  it  to  his 
practice,  and  he  made  it  regulate  the  work- 
ing of  the  engine.  Instead  of  a  rope,  a  strong 
wire  was  attached  to  the  float,  and  this  was  con- 
nected to  the  lever  which  opened  and  shut  the 
injection  cock  and  the  passage  for  steam  into  the 
cylinder.  The  fall  of  the  float  was  made  to  dimi- 
nish the  opening  for  the  steam,  and  its  rise  to 
open  the  valve  ;  and  in  some  instances,  it  was  also 
made  to  regulate  the  cock  of  the  cataract-pipe, 
so  as  to  allow  a  greater  quantity  of  water  to  es- 
cape into  the  cup  when  the  float  rose,  and  thus 
by  filling  it  oftener,  increase  the  number  of 
strokes  made  by  the  steam-piston.  The  fall  of 
the  float  to  the  very  bottom  of  the  pipe,  either 
shut  the  steam-passage  or  the  cataract  cock,  and 
thus  the  accidents  which  would  have  befallen  the 
apparatus  from  a  failure  of  water  in  the  pumps 
were  prevented,  as  the  motion  of  the  engine  ceased 
entirely. 

It  is  probable  Smeaton  was  also  the  author  of 
the  warning- gauge ;  for  it  first  appeared  in 
engines  which  he  constructed,  and  he  made  it 
serve  as  well  for  a  gauge  and  feeding-pipe.  A 
pipe  inserted  through  the  roof  of  the  boiler,  WW 


carried  down  to  the  lowest  level  at  which  the 
water  should  stand  in  it.  Three  inches  above 
the  lower  termination,  was  a  hole  half  an  inch 
in  diameter;  and  three  inches  above  that,  a 
number  of  small  holes  were  also  pierced,  at 
the  height  at  which  gauge  cocks  were  usually 
placed.  When  the  water  sank  beneath  the 
level  of  the  upper  holes,  the  steam  issued  up 
the  pipe,  and  by  its  hissing  noise  gave  warning 
to  the  engine- keeper;  if,  however,  this  was  not 
attended  to,  and  the  water  was  allowed  to  sink 
still  lower,  the  steam  issued  with  violence  through 
the  half'inch  hole,  which  produced  a  sound  much 
stronger  than  that  which  had  proceeded  from  the 
holes  above.  Should*  these  two  warnings  have 
been  insufficient  to  call  the  attendant  to  his  duty, 
as  the  water  subsided  still  nearer  to  the  bottom 
of  the  pipe,  the  steam  of  course  increasing  in 
its  elasticity,  issued  along  with  the  water  with  a 
violence  that  warned  the  careless  servant  of  the 
danger,  even  should  he  have  been  at  a  distance 
from  the  boiler. 

Smeaton,  and  he  was  also  followed  by  Watt, 
bad  another  small  pipe  inserted  into  the  water  in 
the  boiler,  to  a  certain  depth.  When  the  water 
was  evaporated  to  the  level  of  the  lower  oriHce 
of  the  pipe,  the  steam  escaping  from  it  made  a 
whistling  noise  as  it  passed  through  a  whistle 
mouth-piece  fixed  at  the  upper  extremity.  This 
gave  so  audible  an  intimation,  "  that  even  a 
large  parish  might  be  summoned  by  its  sound, 
to  rouse  the  engine-keeper  from  his  slumber,  or 
to  expostulate  with  him  on  his  neglect  of  duty.'' 
The  contrivance  is  an  excellent  one^  and  should 
find  a  place  on  all  boilers  on  every  construction. 

In  many  of  his  early  engines.  Watt  also  adapted 
another  gange  to  the  boiler^  to  mark  the  height 
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of  th«  water  in  it  from  inspection.  A  f  mall  Tertical 
glaas  tube  was  cemented  to  two  copper  pipes^  one 
at  each  end  of  the  glass  tube.  One  of  the  copper 
pipes  is  placed  in  the  water  in  the  boileri  and 
eometto  Uie  outside,  where  it  is  joined  to  the  glass 
tube  ;  the  other  open  end  of  the  copper  pipe  is 
letumed  into  the  boiler,  above  the  level  of  the 
water.  The  glass  part  of  the  tube  is  thus  on  the 
outside  of  the  boiler ;  and  as  one  extremity  of  the 
tube  is  immersed  in  the  water,  and  the  othec  rises 
in  the  steam,  the  water  stands  in  the  glass  tube  at 
the  same  height  that  it  does  in  the  boiler,  and  its 
height  is  ascertained  by  a  mere  inspection :  this 
tube  was  usually  placed  over  the  fire'^loor  or  near 
it,  so  as  always  to  be  in  sight  of  the  engine- 
keeper.  But  in  this  situation,  being  liable  toacci« 
dents,  the  tube  was  often  broken,  and  its  use  was 
on  this  account  discontinued. 

In  a  very  early  stage  of  his  career,  Smeaton  be* 
gan  to  use  a  cheaper  material  for  many  parts  of  his 
machines  than  his  cotemporaries  did.  In  the 
grater  number  of  the  earlier  engines  erected  by 
Newcomen,  and  his  successors,  brass  was  used  for 
the  cylinders,  and  pump  barrels,  and  valves.  This 
expensive  substance  was  probably  employed  from 
the  greater  ease  with  which  vessels  formed  of  it 
could  Be  bored  and  turned  true  and  smooth.  Still 
this  facility  appears  to  have  been  confined  within 
very  narrow  limits,  for  it  was  considered  to  be  a 
difficult  matter  to  cast  and  bore  cylinders  of  a 
diameter  not  exceeding  thirty  .inches,  and  about 
one-third  of  an  inch  in  thickness.  Another 
substance,  of  which  the  composition  is  now 
unknown,  but  called  at  the  time  speller,  or  brass 
solder,  was  first  applied  successfully  by  Mr* 
Ford  of  Colebrook  Dale,  as  a  material  for  steam- 
4>yUiidem.    It  ia  desonbed  as  haying  run  eaaieri 


and  having  been  cast  ai  true  as  biass^  aad  bored 
fbU  as  well  or  better,  when  it  bad  been  warmed  a 
little.  When  cold,  it  was  as  brittle  as  glass,  but 
the  warmth  of  a  hand  soon  made  it  so  pliant,  thai 
a  shaving  of  it  could  be  wrapped  round  the  fingei 
like  paper;  the  metal  never  rusted,  and,  thereforei 
worked  better  than  iron. 

The  methods  by  which  these  cylinders  were 
fashioned,  or  what  description  of  artisans  under* 
took  the  employment,  is  not  now  known.  But 
it  has  been  conjectured  that  the  bell-founders  may 
bave  occasionally  acted  as  brass-founders.  Their 
productions,  however,  were  faulty  in  workman- 
ship,  and  of  great  expense.  The  brass  cylinder 
of  an  engine  erected  in  Scotland,  in  1737,  (and 
which  was  made  somewhere  beyond  London)  cost 
nearly  two  hundred  and  fifty  pounds  sterling,  and 
the  total  value  of  the  apparatus  of  which  it  formed 
a  part,  was  upwards  of  one  thousand  two  hun* 
dred  pounds,  exclusive  of  the  expense  of  the 
labour  of  putting  the  pieces  together,  and  of  the 
erection  of  the  building  in  which  it  stood.  Ap  en« 
gine  on  the  same  principle,  with  nearly  the  same 
details,  but  with  a  cylinder  more  than  a  third 
larger,  is  estimated  by  Smeaton  not  to  exceed 
seven  hundred  and  fifty  pounds;  this  smaller  sum 
includes  pipes  made  of  iron,  instead  of  elm  pump* 
trees  bound  with  hoops,  which  were  used  in  the 
Scottish  engine. 

This  great  difference  in  the  cost  of  the  ma* 
chines  did  not  altogether  arise  from  the  intrin- 
sic value  of  the  substances  which  were  used  in 
their  formation.  But  part  of  it  was  produced 
from  an  improvement  which  had  recently  been 
made  in  the  manufacture  of  the  cheaper  material, 
by  which  its  softness  and  cohesion  were  so  much 
increased,  that  it  became  a  substance  estimable 
ibr  its  plastic  qualities,  and  for  its  durability. 
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Heretofofe,  in  cboaeqnence  of  iu  brittleneM  and 
unsound  texture,  ai  much  aa  its  extreme  hardness, 
east  iron  bad  never  been  used  for  parts  which  had 
great  strains  to  bear,  and  cannon-balls,  ballast  for 
•hips,  iron-rail-fences,  furnace  bars,  backs  and 
hearths  of  fire-places,  and  small  boilers,  were 
nearly  all  the  articles  which  were  usually  made  of 
it ;  and,  excepting;  the  first,  iti  use  was  still  very 
limited,  even  in  the  other  cases  enumerated. 

After  the  method  of  using^  mineral  instead  of 
vegetable  charcoal  in  its  manufocture  was  adopted, 
its  cheapness  was  also  in  favour  of  its  becoming^ 
a  substitute  in  many  cases  in  which  brass  or 
copper  were  considered  as  more  appropriate; 
particularly  in  place  of  brass,  for  the  cylinders 
and  pumps  of  steam-engines.  Desaguliers,  so 
early  as*l743,  mentions  cylinders  of  cast-iron, 
which,  he  says,  could  be  made  to  have  a  good 
form  and  polish ;  although  he  dissuades  from 
their  being  used,  on  account  of  their  possessing 
the  very  property  which  Smeaton  found  was 
greatly  in  their  favour ;  their  not  cooling  so  ra« 
pidly  as  the  brazen  vessels.  But  until  the  time 
we  have  mentioned,  it  is  doubtful  if  they  had  be- 
come known  in  practice. 

Smeaton  appears  among  the  earliest,  if  he 
were  not  actually  the  first  who  began  to  use  it 
extensively  as  a  substitute,  not  only  for  brass,  but 
hammered  iron.  He  made  the  first  great  axis  of 
a  windmill  with  cast  iron  in  1751,  and  afterwards 
continued  *  the  practice,  although  with  no  great 
success  on  the  score  of  durability,  until  he  got  his 
castings  from  Carron;  and  it  was  in  1769,  that 
he  made  the  first  axis  for  a  water-wheel  at  this 
establishment.  Afterwards  he  used  it  on  all  oc- 
casions* for  cog-wheels,  and  shafts  of  all  dimen- 
sions, and  in  framing  generally,  where  he  was  at 
perfect  liberty  to  foUow  his  judgment  in  the  {lelec- 
tion  of  materials. 
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Although  the  small  cast-iron  hollers  which  had 
been  long  used  by  brewers  and  dyers  were  found 
durable,  they  were,  nevertheless,  considered  to  bo 
more  expensive  than  thin  copper  or  plate-iron 
boilers ;  and  their  thickness  was  given  as  a  reason 
for  their  requiring  more  fuel*  than  the  others. 
These  boilers  were,  however,  open  at  top ;  those 
for  steam-engines  i^equired  to  be  enclosed  in  a  man- 
ner so  as  to  retain  steam  of  considerable  eliuh 
ticity.  Plate-iron  was  long  used  for  the  parts  exi 
posed  to  the  action  of  the  fire,  and  the  dome  was 
made  of  lead  by  the  plumbers,  as  it  was  thought 
iron  rivet-joints  could  not  be  made  so  tight  as  to 
retain  the  vapour.  Afterwards  the  practice  was  to 
form  the  roof  of  the  boiler  with  cast-iron  plates, 
cast  in  segments,  which  were  joined  together  by 
bolts  passing  through  flanches  projecting  from  the 
edge  of  each  segment,  and  the  joints  between  the 
flanges  were  tightened,  by  drivingin  wooden  wedgef 
from  the  outside ;  by  this  means,  if  one  plate  failed, 
it  could  be  removed  without  deranging  the  others. 
Smeaton,  in  almost  every  instance,  had  formed  his 
boilers  of  hammered  and  moulded  iron,  but  lat- 
terly he  gave  some  gigantic  specimens  of  boilers 
built  solely  of  cast-iron  ;  each  of  the  three  which 

*  Some  attempts  had  been  made  to  economise  the  heat  whicli 
was  lost  in  manufacturing  oopper  from  its  ore,  by  making 
the  vapour  which  escaped  from  the  smelting  fnmace,  pass 
under  the  bottom  of  the  boiler  of  the  steam-engine.  At  Cam-' 
borne  copper-mine,  the  boiler  was  built  of  moorstone  (or  ^ra>- 
nite)  and  jointed  with  a  cement  made  of  Aberthaw  lime, 
which  hardens  under  water.  The  smoke  which  was  to  heat 
the  water  was  conducted  throagh  it  in  oopper  tabes,  paNsing 
from  end  to  end.  The  boiler  was  twenty  feet  long,  nine  feat 
wide,  eight  feet  and  a  half  deep^  the  three  copper  smoke 
tubes  were  twenty  inches  each  in  diameter;  two  of  them  were 
placed  parallel  to  the  side  of  the  boiler  within  seven  inches  of  its 
bottom,  and  the  third  in  the  space  over  them ;  the  flame  passeii 
through  one  into  the  other  and  rose  into  the  third,  from  which 
It  was  oonveved  into  the  chimney.  On  trial  it  fiftiled.-r 
VioAo^n's  jWmA  VOL  viiL  p.  1^ 
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he  constracied  to  supply  steam  to  the  engine  for 
draining  the  docks  at  Cronstadt,  weighed  up-^ 
wards  of  fifteen  and  a  half  tons. 

The  iocreasing  demand  for  the  ponderous  ma- 
chinery of  steam-engines  having  led  capitalists 
to  the  erection  of  numerous  foundries  in  dif- 
ferent parts  of  the  kingdom,  their  emulation  was 
l^reatly  invlrumental  in  improving  the  art  of  cast- 
ing and  finishing  cast-iron  ware.  Carron,  the 
flrat  establishment  in  regard  to  magnitude,  con- 
tinued also  to  be  the  most  celebrated  for  the 
general  excellence  of  its  productions;  and  it 
more  especially  enjoyed  a  great  reputation  for 
the  truth  with  which  its  cylinders  and  pump- 
barrels  were  bored  and  polished.  The  method 
usually  followed  was  that  employed  from  time 
immemorial  for  boring  the  wooden  pipes  or 
pump  trees,  used  to  convey  water.  The  pipe, 
placed  in  a  carriage,  was  made  to  move  forward 
as  accurately  as  could  be  in  the  direction  of 
its  axis,  and  to  press  against  the  face  of  the 
borer ;  this  was  a  tool  constructed  of  several  cut- 
ters firmly  fixed  in  a  solid  wheel,  which  was  made 
to  revolve  by  the  power  of  horses  or  a  waterfall ; 
and  as  the  cutter  excavated  the  centre  of  the 
pipe,  the  frame  moved  forward  so  as  to  keep  the 
tree  pressed  against  the  tool. 

But  notwithstanding  the  proportions  and  mo- 
difications which  Smeaton  introduced  into  the 
boring-engine  he  designed  for  Carron,  and  which 
gave  the  superiority  to  the  cylinders  and  pump- 
barrels  fabricated  in  this  foundry,  over  those 
sent  from  rival  establishments,  still  the  form  of 
the  cylinder,  when  drawn  from  the  mould,  in- 
fluenced more  or  less  that  which  it  could  receive 
from  the  action  of  the  borer. 

Much  of  the  advantage  which  now  began  to 
be  experienced  by  engineeiB,  from  a  greater  atten* 
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tion  paid  to  the  mode  of  finishing  pipes  and  cylin- 
ders, would  have,  in  truth,  been  greatly  circum- 
scribed in  their  importance,  but  for  an  invention 
of  Mr.  John  Wilkinson,  the  proprietor  of  iron 
works  at  Bersham  near  Chester.  In  this  beautiful 
contrivance,  provided  there  was  a  sufficient  thick- 
ness of  metal,  the  want  of  truth  in  the  casting  of 
a  hollow  vessel  was  quite  immaterial ;  for  Wil- 
kinson made  his  borer  advance  into  the  cylinder 
ahngf  an  inflexible  rod,  which  was  fashioned  with 
the  greatest  possible  truth.  So  that  the  tool 
must  excavate  in  a  line  as  true  as  that  which  was 
formed  by  the  rod  which  guided  it;  and  this^ 
without  question,  was  one  of  |he  most  important 
improvements  which  had  been  introduced  into  th6 
machinery  for  the  manufacture  of  machines.  In- 
deed, so  universal  was  its  application,  that  it  may 
be  considered  as  forming  an  era  in  their  manufac- 
ture, as  having  laid  the  foundation  of  all  the 
wonders  which  have  since  been  achieved,  in 
giving  the  utmost  accuracy  and  beauty  to  imple- 
ments and  machines  of  every  kind,  and  of  every 
variety  of  construction. 

But  in  nothing  was  its  importance  more  clearly 
seen,  than  in  the  fabrication  of  the  parts  of  steam- 
engines.  Cylinders  of  five  and  six  feet  in  diameter, 
and  piston  rods  of  corresponding  sizes,  could  be 
formed  by  its  agency  with  the  greatest  truth,  and 
as  much  precision  as  before  its  introduction  it 
was  possible  to  give  to  the  small  cylinders  of  air- 
pumps. 

Watt  speedily  availed  himself  of  his  friend's 
improvement;  and  by  having  his  rods  and  pumps 
properly 'bored  and  polished,  he  may  be  said  now, 
for  the  first  time,  to  have  had  it  in  bis  power  to 
give  comparative  perfection  to  his  own  inven- 
tion. For  even  the  excellent  workmanship  of  the 
Canon  c^Uiid^rs  waa  so  mucli  sorpassed  by  those 
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nude  at  Benb«in>  that  when  a  new  cngin«,  oh 
the  condeniing  principle,  via  to  be  erected  at 
Carroa  itself,  BDllon  wrilei  to  the  chief  of  Ih* 
eiUtbliabineDi,  thai  he  muil  eiiber  change  hia 
mode  of  borint  cylindera,  or  get  ooe  bored  bj 
WilkiDioD,"for  be  baa,"  •«;■  be,"lalelj  bored  u* 
■onw  neadjr  sithout  error;  ooa  which  we  bav* 
put  up  at  Tipton,  flflj  inchei  ia  diameler,  doei 
not  err  the  thickoeaaof  anold  ihilling  in  any  part  {'' 
and  ID  a  letter  from  Watt  to  Smealon,  he  eara, 
'<  ao  ^reat  haa  been  the  improvement  made  by 
W'lli>eaoa,  that  be  can  promiie  upon  a  cylinder, 
having  a  diameter  of  aevenlj-two  inchei,  not 
being  furlber  dialaot  fcont  abiolute  truth  in  tha 
wont  part  than  a  (Am  aixpeoce."  But  even  this 
deviation  (about  the  Cortieth  of  an  inch)  wai 
gieater  than  could  be  found  in  tbeae  ponderoai 
ruaeUj  for  tion  the  admirable  natuie  of  the 
procsai,  it  was  next  to  impoaaible  that  id  great 
an  error  could  be  produced  in  a  veiael,  o(  bow- 
evei  large  dimenaion. 


CHAPTER  FIFTEENTH. 


*'XVIST  XMPBOVIUZNT  ZK  ▲  STAPLE  MAMUFACTTTBK 
WHICH  I.KA&8  TO  ITS  VXTSKSION,  ALTXBS  THK  POSITIOIT  OF 
▲  COMMUNITT  OB  ▲  NATION  WITH  BXOAKO  TO  ZVZST  THX2^0 
WXTBIN  AMD  ABOUND  IT/'— P(t£. 


That  portion  of  the  wonderful  Soho  which  bad 
been  assigned  to  Watt  for  the  manufacture  of  hiji 
exquisite  mechanism^  was  soon  found  to  be  of  in> 
competent  dimension  for  the  developement  of  th^ 
magnificent  scheme  which  Bolton  had  formed,  tp 
become  the  sole  fabricator  of  the  condensing  en- 
gine in  England.  A  neighbouring  spot  was,  there- 
fore, selected,  in  which  might  be  concentrated 
ihose.  artisans  and  machines  that  were  found  to 
be  necessary  for  the  formation  of  every  part  of  the 
apparatus.  ''We  are  systematizing  the  business 
of  engine  makiog,"  says  Bplton  to  Smeaton, "  we 
are  training  workmen,  and  making  tools  and 
machines  to  form  the  different  parts  with  more 
accuracy,  and  at  a  cheaper  rate  than  can  possibly 
be  done  by  the  ordinary  methods  of  working. 
Our  workshops  will  be  of  sufficient  extent  to 
execute  all  the  engines  which  are  likely  to  be 
Boon  wanted  Iq  this  country  $  and  it  wiU  not  be 
worth  the  expeaae  fpx  Aoyotbe;  eogineen  lo  eceet 
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similar  woiki,  for  that  will  be  like  building  a  mill 
to  yrind  a  bushel  of  corn."  The  classiflcation  of 
labour  answered  his  most  sanguine  expectation. 
A  band  of  workmen  and  artificers,  expert  in  the 
management,  and  familiar  with  the  construction 
of  the  machines,  was  soon  trained  ;  and  to  every 
engine  which  Bolton  erected,  one  of  these  artisans 
was  attached,  until  the  servants  of  the  proprietors 
could  be  instructed  in  its  management.  And  Soho 
became  a  nursery,  from  which  engineers  were 
■ent  forth  to  carry  its  improvements  into  every 
part  of  the  country ;  and  Bolton  was  soon  ena- 
oled  also  to  state,  *^  that  comparing  the  new  en- 
gines with  the  old,  (those  not  of  the  same  size 
but  of  the  same  power)  the  first  c«st  of  both  was 
nearly  the  same."  But  in  every  point  relating  to 
elegant  and  accurate  workmanship,  the  compa- 
rison was  immensely  in  favour  of  the  Soho  ma- 
chines. 

A  philosophical  friend  of  Watt's  had  given 
currency  to  the  statement,  that  his  condenser  was 
originally  suggested  as  an  economical  appendage 
to  Newcomen's  engine  ;  but  he  himself  contra- 
dicted the  statement.  *'  From  the  first,"  he  said, 
"  I  intended  to  operate  with  steam  instead  of  the 
atmosphere^  and  my  apparatus  was  so  con- 
structed." 

This  modification  it  was  thought,  if  made  on 
Newcomen's  engine^  would  imptove  it  at  a  very 
small  additional  cost;  and  the  'proprietors  of 
some  large  and  expensive  machines  on  that  pe- 
culiar construction^  being  aiixious  that  the  con- 
denser should  be  adapted  to  their  apparatus,-^ 
with  this  view  Watt  was  persuaded  to  make  an 
experiment  on  an  engine  at  Soho ;  but  the  results, 
he  tells  Smeaton,  **  were  not  such  as  to  induce 
him  to  try  it  any  where  .else«*'  He  vefused^  there* 
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fore^  to  apply  it  to  the  engine  at  a  large  mine 
in  Cornwall,  because  the  savings  of  fuel  were 
not  great,  in  comparison  to  the  complete  ma- 
chine. "  By  adding,"  says  he, "  our  condenser  to 
engines  that  were  not  in  good  order,  our  engine 
-would  have  been  injtroduced  into  Cornwall,  which 
we  look  upon  as  our  richest  mine,  in  an  uufa-^ 
vourable  view,*  and  without  such  profits  as 
would  have  been  satisfactory  to  us  or  to  the  ad- 
venturers, and  thus  have  injured  our  reputation." 

The  condenser  in  its  first  form,  was  composed 
of  several  thin  coppper-plate  pipes  communica-; 
ting  with  each  other,  and  placed  in  a  cistern 
kept  constantly  filled  with  cold  water.  Some- 
times, instead  of  pipes,  thin  flat  copper  vessels 
were  employed,  and  placed  so  as  to  present  the 
greatest  possible  surface  to  the  action  of  the  cold 
water  in  which  they  were  immersed.  The  steam 
which  flowed  from  the  cylinder  into  the  vessels 
or  tubes,  coming  into  contact  with  the  cold  me- 
tallic surfaces,  was  condensed  with  great  rapidity. 
But  a  very  few  trials  showed  that  an  extent  of 
condensing  surface,  necessary  to  produce  a  perfect 
vacuum  under  the  piston  of  a  powerful  engine, 
could  only  be  attained  by  using  tubular  or  flat 
vessels,  altogether  of  preposterous  magnitude. 

The  water  also  in  which  these  condensers 
were  often  placed,  formed  a  crust  upon  their 
surfaces  which  greatly  diminished  the  power  of 
the  metal  for  conducting  heat;. and  this  im- 
paired its  efficacy  as  a  medium  for  condensing 
vapour.  Notwithstanding  this  drawback,  the.  me- 
thod was  considered  to  be  an  economical  one ; 
for  the  air  and  water  produced  by  the  condensa- 
tion could  be  extracted  by  a  pump  of  a  size  that 
would  require  a  comparatively  moderate  ppwer 
to  work  it. 

2  B 


114  JBT  CONDEIftBR. 

In  the  end,  the  inconvenience  of  laige  reamttU 
decided  Watt  to  sacrifice  a  little  more  power 
than  he  before  thought  was  advisable,  in  order  to 
have  a  less  cumbrous  mechanism ;  and  he  re- 
tamed  to  a  discarded  scheme  that  he  had  tried 
in  the  Kinneil  engine,  of  condensing  the  steam 
by  bringing  it  into  contact  with  a  jet  of  cold 
water,  as  it  flowed  through  the  eduction  pipe  into 
the  cylinder.  **  In  pursuing  this  idea,"  says  Watt, 
**  I  have  tried  several  kinds,  and  have  at  last  come 
to  one,  which  I  am  npt  inclined  to  alter.  It  con- 
sists of  a  jackhead  pump,  shut  at  the  bottom  with 
a  common  clack  bucket,  and  a  valve  in  the  corner 
of  the  pump  to  discbarge  the  air  and  water.  The 
eduction  steam^pipe  which  comes  from  the  cylin* 
der,  communicates  with  this  pump,  both  above 
and  below  the  bucket,  and  has  valves  to  prevent 
any  thing  going  back  from  the  pump  to  the  educ« 
tion  pipe.  The  bucket  descends  by  its  own 
Weight,  and  is  raised  by  the  engine,  when  the 
great  piston  descends,  being  hung  to  the  outer 
end  of  the  great  lever.  The  injection  is  made 
both  into  the  upper  part  of  this  pump  and  into 
the  eduction  pipe,  and  operates  beyond  my  ideas 
in  point  of  quickness  and  perfection." 

Becoming  apprehensive  that  the  additional 
weight  which  this  pump  put  on  the  engine  might 
have  a  tendency  to  twist  the  great  lever,  he  hoped 
to  guard  against  it  in  a  large  engine  erected 
near  Coventry,  by  using  three  pumps;  two  of 
them  were  fixed  side  by  side,  and  the  third  {daced 
over,  in  the  space  between  them,  received  the 
hot  water  lifted  by  the  two  lower  pumps.  Less 
power  was  supposed  to  be  expended  by  this  ar- 
mngement,  than  by  having  only  one  pump  from 
the  mirfeice  of  the  piston  which  was  exposed  to 
the  pressure  of  the  atmosphere;  having  »  much 
•mailer  area, 
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The  practice  of  placing  tfae  air-pumps  at  the 
mine-end  pf  the  great  lever  was  now  alio  diaoon- 
tinned.  The  extraction  of  the  air  going  on  whila 
the  steam  piston  was  descending,  or  making  ita 
working  stroke,  wav  less  advantageous  than  plac- 
ing the  condenser  pump  on  the  opposite  side  of 
the  axis,  and  drawing  the  air  from  the  condensaf 
before  the  descent  of  the  piston  j  the  vacuam 
beneath  it  by  this  means  was  perfected  at  the 
proper  moment.  Two  condenser  pumps,  ono 
made  double  the  size  of  the  other,  were  after^ 
wards  found  sufficient  for  the  largest  engines«  and 
in  small  machines  a  single  pump  performed  tho 
office. 

The  piston  cylinder  also  underwent  a  great 
modification.  The  steam  was  made  to  flow  into 
the  cylinder  from  a  pipe  coming  directly  from  the 
boiler*  instead  of  being  first  conveyed  into  the 
apace  between  the  cylinder  and  its  jacket.  And 
Watt  writes,  that  be  had  also  laid  aside  the 
clumsy  cast  iron  cylinder,  and  substituted  a  case 
of  wrought  iron  plates,  leaving  aiWinterstice  about 
an  inch  and  a-half  all  round,  which  extends  to 
within  six  inches  of  the  top,  and  three  inches  of 
the  bottom :  a  small  pipe,  furnished  with  a  cock, 
conducts  steam  from  the  boiler  into  the  inter«« 
slice.  The  effect  of  this  casing  was  nearly  equal 
to  that  of  the  outer  cylinder ;  "  but  when  we 
tried  to  lay  aside  the  jacket  altogether,  we  bad 
no  reason,"  says  he,  '*  to  applaud  our  economy* 
for  the  consumption  of  fuel  was  considerably 
greater." 

This  required  a  new  arrangement  of  the  valves 
and  pipes  attached  to  the  cylinder  $  a,  the  pis- 
ton; 6,  the  cylinder;  d,  the  equilibrium  pipe, 
and  t,  the  equilibrium  valve ;  /,  eduction  pipe  and 
valve ;   I,  the  steam  pipe  proceeding  from  the 
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boiler;  m,  the  steam  valve;  n,  jacket;  o,  pipe 
conveying  steam  into  the  interstice  between  it 
and  the  cylinder.  See  plate  maiked  Watt  N^ 
iigare  1. 

A  vacuam  being  made  under  the  piston,  the 
iteam  from  the  boiler  flows  through  the  valve, 
lift,  and  urges  the  piston  downwards,  until  it 
leaches  nearly  the  bottom  of  the  cylinder,  at 
which  instant  the  steam  valve,  m,  and  the  educ- 
tion valve,/  are  shut,  and  the  equilibrium  valve, 
s,  is  opened  ;  «nd  the  vapour  which  was  above 
the  piston  and  in  the  pipe,  (2,  is  now  at  liberty  to- 
flow  under  the  piston,  and  into  the  pipe  between 
the  cylinder  and  the  valve,  /,  which  establishes 
an  equilibrium  between  both  sides  of  the  piston. 
The  counterpoise  which  is  attached  to  the  oppo- 
site end-  of  the  lever  now  acts  to  drew  the  piston 
upwards,  and,  as  it  rises,  the  steam  which  is  dis- 
placed from  above  it  flows  through  the  equilibrium 
pipe  beneath  it.  At  the  instant  the  piston  ar- 
rives at  the  top  of  the  cylinder,  or  has  made  what 
is  called  its  riming  stroke,  the  equilibrium 
valve  is  closed,  and  the  steam  and  eduction  valves 
are  opened ;  this  again  allows  vapour  from  the 
boiler  to  press  on  the  piston,  while  the  steam 
which  now  fills  the  space  beneath  it,  rushing  into 
the  condenser,  leaves  a  vacuum,  and  the  piston 
descends  as  before. 

In  every  form  of  the  engine,  it  was  considered  to> 
be  essential  to  the  most  perfect  action  of  the  ap- 
paratus, that  the  condensation  of  the  steam  should 
be  almost  instantaneous;  because  the  operation 
could  only  be  performed  at  the  instant  when  the 
piston  was  changing  the  direction  of  its  motion, 
and  should  be  perfect  and  complete  from  the  mo-^ 
ment  the  piston  had  a  tendency  to  descend. 

It  occurred  to  W^tt,  that  it  the  formation  of 
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the  vaouum  could  be  made  to  commence  at  th» 
moment  when  the  piston  had  finished  its  loaded 
stroke^  a  more  perfect  exhaustion  might  be  ob- 
tained ;  as  then  the  entire  interval  in  which  the 
piston  was  ascending,  might  be  employed  to  ex« 
haust  the  cylinder  of  air,  and  steam,  and  water. 

This  it  appeared  to  him  could  be  accomplished 
by  an  alteration  in  the  method  of  neutralizing  the 
pressure  on  the  piston,  and  he  placed  the  yalve, 
t,  in   the  equilibrium  pipe,  d,  near  its  insertion 
into  the  cylinder  b.  When  the  piston  had  made 
its  loaded    stroke,  the  steam  valve  tn  was  shut, 
and    the    equilibrium  valve  t  opened,   and  the 
•team  which  filled  the  cylinder  rushed  through 
the  equilibrium   pipe  into  the  condenser :   a  va- 
cuum was  thus  made  above  as  well  as  below 
the  piston ;  and    it  was  drawn  by   the  counter- 
weight to  the  top  of  the  cylinder;  and,  as  the 
valve  continued  open  during  the  whole  time  of 
its  rise,  a  greater  time  was  thus  afforded  for  per- 
fecting the  vacuum,  which  thus  permitted  the 
steam  at  its  first  impulse  to  exert  its  power  in  the 
most  favoumble  ntianner,  in  impelling  the  piston 
into  the  cylinder.      See  figure  3  in  the  engraving 
marked  Watt  N. 

These  inferences  were  far  from  being  borne 
out  by  the  result.  The  cylinder  approximating 
in  its  temperature  to  that  of  the  condenser,  was 
cooled  so  much  more  than  when  the  formation 
of  the  vacuum  was  more  rapid,  that  more  steam 
in  entering  it  was  lost  than  by  the  other  mode, 
and  the  vacuum  which  had  been  forming 
during  the  whole  neutral  stroke,  was  not  more 
perfect  than  that  which  heretofore  had  been 
produced  during  the  mere  instant  which  trans- 
pired between  the  change  of  the  direction  of 
mo^oB  iatjitt  jMiton.    It  wm  alao  found*  that  the 
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air  iosimiated  itielf  into  the  cylinder  between  the 
piston  rods  and  their  boxes,  and  at  the  joints  in  the 
valves ;  and  a  small  additional  weijg^bt  was  also 
found  to  be  necessary  on  the  counterweig^ht. 
The  scheme,  therefore,  was  given  op,  not  aa 
having  failed,  bat  as  being  somewhat  less  advan* 
tageoaa  than  when  the  piston  rose  in  steam. 

Watt,  whose  department  it  was,  in  his  arrange- 
ments with  Bolton,  to  visit  the  sites  where  hia 
engines  were  to  be  erected,  to  enable  him  to  design 
the  connecting  machinery  to  suit  the  local  peca* 
liarities,  still  assiduously  continued  his  experi* 
ments  upon  the  engine.  But  the  same  cau-* 
tion  which  hitherto  distinguished  his  operationa 
was  always  observed  in  putting  the  alterations^ 
which  from  time  to  tiine  occurred  to  him,  into 
practice. 

The  anticipated  improvement  was  first  made 
upon  an  engine  in  daily  use  at  Soho.  When, 
after  a  long  series  of  varied  trials,  it  received  the 
fi)rm  pointed  out  by  experiment  to  be  the  most 
perfect,  it  was  carefully  copied  into  the  model, 
from  which  Bolton,  without  the  slightest  devia* 
tion,  proportioned  and  arranged  the  parts  of  all 
the  engines  that  he  manufactured  for  sale.  So 
slowly  were  these  innovations  adopted,  that,  for 
years  successively,  the  standard  model  remained 
unaltered.  Watt*s  opinion  of  the  practice  of  sub- 
stituting analogy  for  experiment  will  be  best  ga- 
thered from  one  of  his  letters:  '' I  am  tormented," 
says  he,  "  with  exceedingly  bad  health  from  the 
operation  of  an  anxious  mind,  the  natural  conse- 
quence of  staking  every  thing  upon  the  cast  of  a 
die ;  for  in  that  light  I  look  upon  every  project, 
that  has  not  received  the  sanction  of  repeated 
sQccess.'' 

|li^  reputation  as  a  man  of  genius  gained  pro* 
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digioQsly  by  this  wariness;  for  his  ioyeotioos, 
when  they  came  before  the  public  as  it  were  fresh 
from  his  hand,  were  so  finished  and  perfect,  that 
his  most  gifted  rivals  were  unable  to  add  to  hi* 
design  or  rectify  its  proportion. 

It  was  also  of  incalculable  advantage  in  inspir* 
ing  confidence  in  Watt  and  Bolton's  judgment 
as  engineers.  The  greatest  danger  they  bad  to 
fiear,  was  from  an  unsuccessful  or  even  doubtful 
experiment.  ■  The  mass  of  prejudice  they  had  to 
encounter,  would  have  acquired  fresh  vigour  by 
every,  even  meritorious,  effort  that  fell  short  of 
perfection. 

The  inconvenience  of  this  circumspect  method 
of  proceeding,  although  foreseenj  could  not  at 
all  times  be  guarded  against.  The  projects  during 
their  developement  necessarily  became  known  to 
many.  The  cupidity  that  always  accompanies 
dulness,  was  thus  sometimes  enabled  to  claim 
merit  for  contrivances  that  had  for  years  been 
practised  by  another.  Watt  is  admitted  to  have 
had  an  engine  at  Soho,  acting  on  the  expansive 
principle,  as  early  as  1776.  In  1778,  he  erected 
another  on  the  same  construction,  to  pump  water 
for  a  public  company  near  London ;  and  al« 
though  another  mechanic,  three  years  after  thi« 
later  machine  was  in  operation,  took  out  a  patent 
for  a  similar  contrivance,  we  will  describe  it  aa 
an  invention  worthv  of  Watt*s  genius,  and  which 
only  his  wonderful  skill  could  have  called  so 
perfectly  into  existence. 

The  expansive  action  will  be  easily  under- 
stood, by  supposing  a  piston  placed  at  the  top 
of  an  enclosed  cylinder,  which  has  one  end  com- 
municating  with  a  boiler,  and  the  other  with  a 
condenser.  Wait  allowed  steam  to  flow  into  the 
cyliqd^r  until  the  piston  fce^d  be^n  carried  forn 
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certain  depth  into  the  cylinder;  he  then  doted 
the  steam-pipe^  so  that  no  more  vapour  could 
enter  from  the  boiler ;  that  ivhich  was  in  the 
eylinder  expanding  in  volume^  continued  to  press. 
the  piston  downwards,  until  it  occupied  the  entire 
capacity  of  the  cylinder. 

When  the  steam  ceased  to  flow  from  the  boiler, 
the  portion  in  the  cylinder  exerted  less  and  less 
power  every  instant;  so  that  by  the  time  it  had 
expanded  into  twice  or  thrice  its  first  volume,  it 
exerted  only  one -half  or  one- third  of  the  power  it 
did  at  the  beginning. 

This  decreasing  power    opened  a  steady  and 
simple  mode  of  regulating  the  tendency  to  an 
accelerated  motion  in  the  piston ;  and  to  prevent 
the  injurious  effect  of  bringing  it  to  a  state  of 
rest,  each  stroke,  at  the  instant  it  had  acquired 
its  greatest  momentum,  the  accelerating  force  of 
gravity  was  diminished  and  neutralized  by  a  de« 
creasing  impulse  being  impressed  upon  the  mov** 
ing    body.      For    this    purpose,  the   passages 
through  which  the  steam  entered  from  the  boiler 
into  the  cylinder,  and  from    the   cylinder  into 
the  condenser,  were  enlarged  or  diminished  by 
raising    or    lowering    the    valves    placed    in 
them.    The  valve,  for  instance,  which  admitted 
the  steam  into  the  cylinder,  was  opened  so  much 
as  to  let  the  steam  flow  slowly  above  the  piston 
after  a  certain  interval,  or  it  was  altogether  closed 
to  allow  the  steam  to  act  with  its  entire  ex  pan* 
sion ;  and  after  the  piston  had  made  its  loaded 
stroke  by  narrowing  the    passage   through  the 
equilibrium  valve  for  the  steam,  the  vapour  which 
was  displaced  by  the  piston  in  its  neutml  stroke, 
was  made  to  flow  so  slowly  as  to  check  the  ten- 
dency of  the  counterweight,  to  produce  a  variable 
motion. 
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This  facility  of  equalizlag  the  motion,  although 
a  point  of  great  value^  not  only  as  it  regarded 
the  proper  application  of  the  power,  but  as  it 
influenced  the  durability  of  the  mechanism  by 
preventing  concussions  which  would  have  shaken 
it  to  pieces^  was  but  of  minor  importance  when 
compared  with  tlie  saving  of  fuel  that  was  made^ 
by  allowing  the  expansive  force  of  a  portion  oi 
vapour  to  perform  what  had  been  hitherto  ac- 
complished by  the  unimpaired  elasticity  of  the 
entire  measure. 

If,  for  example,  steam  of  the  temperature  of 
212°  flows  into  a  cylinder  six  feet  long  until  the 
piston  has  been  moved  eighteen  inches  down- 
wards, when  this  quantity  has  expanded  into 
double  its  former  volume,  and  in  doing  so  has 
pressed  the  piston  to  the  middle  of  the  cylinder. 
It  will  exert  a  pressure  of  not  more  than  seven 
pounds  on  each  square  inch  area  of  the  surface  of 
the  piston.  When  the  piston  has  been  depressed 
another  eighteen  inches,  the  vapour  will  have 
expanded  into  three  times  its  original  bulk,  it  will 
then  urge  the  piston  downwards^  with  a  force 
of  not  more  than  four  pounds  and '  a  half  on  each 
square  inch ;  and  when  it  has  reached  the  bottom 
of  the  cylinder,  and  expanded  into  four  times  ita 
original  bulk,  it  will  not  exert  a  greater  energy 
than  about  Sj  pounds  on  V^ch  square  inch.  If 
now  we  calculate  the  varying  power  of  the  steam 
from  the  commencement  to  the  termination  of  its 
stroke,  beginning  with  a  force  of  fourteen  pounds^ 
and  ending  with  8|  pounds,  it  jvill  have  exerted 
an  average  pressure  of  nearly  8|  pounds  on  each 
square  inch  of  the  piston. 

But  if  the  vapour  had  been  permitted  to  flow 
freely  into  the  cylinder,  as  fast  as  the  piston  de- 
scended, it  would  have  pressed  it  wit)i  a  fon;e  of 
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fourteen  pounds  daring  the  entire  stroke  of  the 
piston* 

We  thus  see  that  one  and  a  half  feet  of  steanij 
acting  expansively,  has  pressed  eight  and  a  quar- 
ter pounds  through  six  feet;  while  six  feet  of 
■team  operating  with  its  energy^  uniform  and 
unimpaired,  has  only  carried  fourteen  pounds 
through  six  feet  ;.*i4hewing  that  more  than  half 
of  the  whole  steam  has  been  saved,  by  making  it 
act  expansively. 

A  mere  alteration  of  the  tappets  in  the  plug* 
ftame,  so  that  the  supply  of  steam  should  be  shut 
off,  when  the  piston  had  moved  through  a  third 
or  other  proportion  of  its  entire  stroke,  was  all 
that  Watt  found  necessary  to  introduce  this  fine 
discovery  into  his  common  mechanism. 

It  will  be  apparent  that  when  steam  is  to  be 
employed  expansively,  a  larger  cylinder  will  be 
required  to  develop  the  same  power,  than  if  the 
vapour  were  to  act  with  its  power  undilated 
throughout;  and  from  the  greatest  effect  being 
obtained  in  this  mode,  when  the  first  portion  of 
steam  is  small  in  comparison  with  its  final  en- 
largement, it  will  be'  evident  that  its  use,  in  the 
most  favourable  case,  will  in  practice  be  almost 
unobtainable,  from  the  cumbrous  sise  of  the 
vessels  necessary  to  ensure  its  action ;  and  Watt 
also  found,  that^  in  addRion  to  this  inconvenience, 
these  large  vessels  occasioned  a  loss  of  power 
from  their  exposing  a  very  jpeat  surface  to  the 
condensing  influence  of  the  atmosphere;  and  he 
also  found  this  lotps  bore  a  much  greater  proper-* 
tion  to  the  power  that  was  gained,  than  he  at  first 
anticipated.  He  usually  operated  with  steam  of  a. 
force  equal  to  seventeen  or  eighteen  pounds  on 
'  the  inch,  or  three  or  four  pounds  above  the  at* 
mosphere  ineisure,  and  it  was  seldom  ailowed 
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to  expand  beyond  some  fractional  part  of  its  vo- 
lume. 

The  average  pressure  on  the  piston  was  always 
nearly  equal  to  the  average  load^  but  he  found 
that  the  acquired  momentum  of  the  ponderous 
masses  of  the  lever-beam  prevented  any  interrup- 
tion to  the  motion  of  the  engine  from  a  small 
excess  in  the  load. 

^  And  this  tendency  to  acceleration  in  the  mo- 
tion of  the  piston^  which  has  been  described 
as  a  great  defect  in  his  and  in  the  atmospheric 
engines,  and  which  elicited  much  ingenuity  to 
Tender  it  evenly,  he  now  called  to  his  aidj  as 
a  means  to  produce  a  uniform  movement  in  a 
machine  whose  motion  was  unequal,  from  being 
impelled  by  steam  of  varying  energy.  And  so 
skilfully  was  this  rectification  applied,  that,  in  the 
Sbadwell  engine,  an  almost  perfectly  equable 
movement  was  given,  by  balancing  the  irregula- 
rity produced  by  the  loss  of  energy  in  the  expands 
ing  vapour,  by  an  irregularity  arising  from  aa 
increase  of  power  by  the  action  of  gravity. 

Watt  also  proposed  some  mechanical  combina- 
tions to  produce  ap  equable  motion  in  the  piston 
of  an  expansive  engine. 

In  figure  1,  two  wheels^  r,  s,  are  connected  by  a 
rod  or  chain,  x,  fixed  to  the  end  of  the  levers  e,  i. 
These  wheels  are  in  the  position  as  if  the  piston, 
which  is  attached  by  a  j^hain  to  the  circumference 
of  r,  were  at  the  top  of  the  cylinder.  As  it  de- 
scends, the  lever,  e,  is  drawn  towards  the  pointy  e, 
which  increases  its  effective  length,  and  Watt 
directed  that  this  increase  should  be  adjusted  to 
compensate  for  the  decreasinp^  force  of  the  steam 
on  the  piston,  on  account  of  its  expansion  within 
the  cylinder*    And  as  the  load  on  the  pump  was 
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the  same  from  the  beginniDg;  to  the  end  of  the 
sirokej  the  lever,  t,  decreases  in  its  length  as  e 
increases  ;  so  that  when  the  steam  is  exerting  the 

{greatest  force  on  the  piston,  the  leverage  of  e  is 
easty  and  that  of  t  greatest ;  and  when  the  steam 
presses  with  the  least  energy  on  the  pistpn,  the 
power  exerted  by  the  lever,  b,  to  raise  the  lever,  t, 
M  greatest. 

The  second  method  is  by  means  of  a  chain 
wound  .upon  one  spiral,  a,  or  yielding  lever,  and 
wound  off  another  spiral,  h,  as  the  piston  de- 
scends ]  the  chain,  w,  (figure  4)  passes  over  6,  and 
the  pump  rod  is  fastened  at  c ;  as  the  piston  de- 
scends it  acts  to  shorten  6,  and  lengthen  a. 

In  the  same  manner,  when  the  piston  fixed  to 
the  chain,  a,  (figure  2)  descends  through  equal 
spaces,  the  pump  rod  attached  to  c  rises  through 
unequal  spaces.    In  figure  3,  the  centre  or  point 
of  suspension  of  the  lever  beam,  c,  is  made  to 
change  its  place  during  its  vibration,  so  that  the 
end,  Bf  to  which  the  piston  rod  is  suspended,  is 
nearer  the  axis,  as  the  piston  begins  to  fall,  tlian 
at  the  termination  of  its  movement;  m,  is  a  hol- 
low curve  of  wood  or  metal,  fixed  to  the  lower  side 
of  the  working  beam ;  n,  friction  roller,  furnished 
■with  teeth  or  cogs  to  prevenfils  sliding  as  it  rolls 
between  th^curve  and  the  plane  of  support,  o. 
This  roller  is  divided  into  three  parts,  the  two 
extremities  of  which  roll  on  the  plane,  o,  atid  the 
lever  beam  is  on  its  centre.     When,  by  the  fall  of 
the  pistoDi,  the  end,  «',  of  the  working  beam  is 
pulled  downwards,  the  roller  proceeds  towards" 
that  part  of  the  curve  which  is  highest  and  now 
nearest  to  «,  and  thereby  shortens  the  lever,  by 
which  the  pumps  resist  the  piston,  and  lengthen 
the  lever,  by  which  the  piston  acts  on  the  pumps 
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as  the  steam  expands  in  the  cylinder,  in  any  ratio 
that  inay  be  required,  according  to  the  form  which 
is  given  to  the  curve.    . 

The  sixth  figure  shows  another  mode  of  obtain- 
ing the  same  result,  by  means  of  a  heavy  cylinder, 
€h  of  iron,  which  rolls  in  a  hollow  curve,  c,  on 
the  back  of  the  working  beam  d;  so  that  the 
centre  of  gravity  of  the  beam,  at  the  beginning  of 
its  motion,  lies  nearer  to  the  pump  end,  /,  of  the 
beam:  but^  as  the  piston  descends,  the  cylinder 
rolls  towards  the  other  extremity  of  the  beam,  and 
acts  in  aid  of  the  decreasing -energy  of  the  vapour. 
A  more  complicated  variety  of  this  contrivance 
is  shown  in  figure  5,  in  which  the  piston  is  at- 
tached to  the  curved  beam,  a/  this  acts  on  the 
pump  beam^  c,  by  means  of  a  rod,  d,  attached  to 
a  friction  wheel,  e,  which  rolls  on  the  pump  lever. 
By  the  motion  of  this  wheels  at  the  descent  of 
the  piston,  the  leverage  is  increased  as  the  steam 
weakens  its  pressure. 

Another  scheme,  which  will  be  easily  under- 
stood without  a  diagram,  was,  to  cause  a  quantity 
of  water  to  oppose  the  ascent  of  the  piston  in  the 
beginning  of  its  stroke,  and  to  assist  it  in  the 
latter  part.  Two  cylinders,  open  at  top  and  bot- 
tom^  each  fitted  with  a  piston,  have  their  rods 
suspended  from  the  opposite  ends  of  the  lever 
beam.  At  the  beginning  of  the  stroke  the  weight 
of  the  water  on  one  of  the  pistons  produces  the 
required  resistance :  but  as  the  beam  rises,  it  lifts 
the  water,  which  flows  through  a  pipe  upon  the 
piston  in  the  other  cylinder,  which  thus  becomes 
loaded  in  proportion  as  the  other  is  relieved. 
The  adjustment  shown  in  the  figure  7  has  a 
weighty  a,  placed  considerably  above  the  axis,  b, 
of  the  beam^  c.    At  the  commencement  of  the 

*  2  F 
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ilroke,  ihe  cenlre  of  gravity  of  the  kveT  li<a 

nearer  the  pump  end,  i,  of  the  beam,  and  thus  acta 
BgainsC  the  force  of  the  piston ;  but,  during  tha 
■troke,  il  indiaes  to  the  other  side  of  the  wis, 
and  thnt  acts  to  incisMe  the  enecg;  of  the  Tspoor, 
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